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SPECIAL PROBLEMS CONNECTED WITH THE TAKE-OFF 
AND LANDING OF AIRCRAFT! 


By J. J. GREEN? 


Abstract 


A theoretical analysis has been made of the effect of gradient, wind, and com- 
binations thereof, on the take-off and landing of aeroplanes. Formulas and 
charts are given which permit the determination of the length of the ground run 
for any given conditions providing that the performance on a level surface in 
still air is known. 

The effect of wind and current on the take-off of seaplanes has also been 
investigated. Formulas and charts have been derived for the determination 
of take-off time and distance under any given conditions from a knowledge of the 
take-off speed, time, and distance in still air and still water. This analysis 
indicates that in the take-off of seaplanes the wind is in general of more im- 
portance than the current, and, in consequence, take-off should always be carried 
out upwind. 


A few aerodromes are in existence on which there is a gradient in the 
direction of take-off and landing. As this feature may in general be a dis- 


advantage, an investigation has been made on the effect of varying wind and 
gradient on the take-off run and landing run of aeroplanes. This investiga- 
tion is carried out in Part I of this paper. In Part II a somewhat similar 
problem has been analyzed, viz., the effect of wind and current on the take- 
off of seaplanes. 


PART I 
THE EFFECT OF WIND AND GRADIENT ON THE TAKE-OFF AND LANDING 
OF AEROPLANES 

In analyzing the effect of wind and gradient on the take-off and landing 
runs of aeroplanes, three cases have been considered: (1) the effect of gradient 
in the absence of wind; (2) the effect of wind in the absence of a gradient; 
(3) the combined effect of wind and gradient. The analysis is based on 
uniform gradients, and, since the results are referred to the performance on 
a level aerodrome, the type of surface on the gradient is assumed to be the 
same as on the level surface for which take-off and landing characteristics of 
any particular aeroplane are known. The wind is assumed to be blowing 
either directly up or down the gradient. Theoretical formulas have been 
developed giving the effect of gradient, wind, and combined wind and gradient 
on the take-off time and distance, and the landing run. 


1 Manuscript received November 9, 1937. 
Contribution from the Division of Mechanical Engineering, National Research Laboratories, 


Ottawa, Canada. 
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The effect of gradient in the absence of wind is capable of almost exact solu- 
tion. The theoretical treatment of the effect of wind on take-off leads to a 
formula that differs slightly, in its predictions, from the results of measured 
take-offs. By slight modification the formula has been made to agree closely 
with the results of tests. Charts have been prepared showing the effect of 
wind and gradient on the take-off and landing runs of aeroplanes of which the 
take-off and landing speeds in still air are included in the range 35 to 75 m.p.h. 


Symbols Used 


m = Mass of aircraft, 

g = Acceleration due to gravity, taken as 32.2 ft. per sec.’, 

6 = Angle of gradient (radians), 

x = Gradient defined as “PX ——— oa if ; for small slopes 6 = x, 

Vr; = Take-off speed (still air), in feet per second when used in the 
formulas but given in miles per hour on the charts, 

Vi, = Landing speed (still air), in feet per second in the formulas but 
given in miles per hour on the charts, 

ty = Take-off time or duration of landing run in seconds on a level 
surface in still air, 

tg = Take-off time or duration of landing run in seconds resulting from 
the effect of grade or wind or both, 

D, = Take-off run or landing run in feet on a level surface in still air, 

D, = Take-off run or landing run in feet resulting from the effect of 
grade or wind or both, 

f == Mean acceleration during take-off or mean deceleration during 


landing in feet per sec.’, 
= Wind speed, in feet per second when used in the formulas. 


(1) Effect of Gradient in the Absence of a Wind 
A. Take-off Upgrade 


The retarding force due to the gradient will be mg sin 0, hence the decelera- 
tion will be gsin@, and since @ will in general be small this can be written 
gO or xg. If Vr and & are the take-off speed and time on the level, then 
after a time /; on the gradient the velocity will be Vr — xgt. If t2 is the take- 
off time up the gradient, then on the level after time 4, the velocity would 


te 


have been V7. 7 but owing to the gradient this is reduced to 


1 
to 
Vr.——Xx.g.fb2 = Vp, 
ty 


from which we obtain 


i ty (1) 








This equation gives the take-off time up the gradient in terms of the take-off 
speed, the take-off time on the level, and x, the gradient. Equation (1) gives 


\ 


il 
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immediately the conditions under which take-off is impossible, for when 








i- =" = 0, ft: becomes infinite. Hence take-off becomes impossible 
T 
when 
ba te' V 
Se 1, or x = r. 
| T g. t; 
Since x is now likely to be large this should be written 
, Vr 
sin 6 = . 2 
z 2 (2) 


From which the value of @ for which take-off is impossible is given in terms 
of g and the take-off speed in feet per second and take-off time on the level. 


For take-off on the level we have, 


ie OE ee. 
i 3 or = 2p, 
Similarly up the gradient 
V2 ve 
Dias eee een: ee 
: 2f—x.8) o(Ve _ , 
7 **s 
Hence 
Dz _ 1 
Dy th oa 2 GoD (3) 
Ve 


gives the take-off distance up the gradient in terms of take-off characteristics 
on the level. 








_— — rr 
8 a - 
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Fic 1. Effect of gradient in the absence of wind on the length of the take-off run up the 
gradient or the landing run down the gradient. 








4 CANADIAN JOURNAL OF RESEARCH. VOL. 16, SEC. A. 


Equation (3) could be derived directly from Equation (1) by substituting 


D, = a 4 and Ds = 


Vr. te 


2 





> 


- ; ; oo Ds 
Fig. 1. contains curves from which the ratio D, can be read off for the 
1 


appropriate value of x. D,; and the take-off speed V7 of the aeroplane under 
consideration. 
B. Take-off Downgrade 

By similar treatment the equations for take-off time and distance down 
the gradient are found to be:— 


is aca cnas (4) 
ty i - eis g oh 
Ver 
axe teeta (5) 
dD, 1 4 2x a dD, 
3 


Fig. 2. contains curves from which the ratio D, can be read off for the 
1 


appropriate value of x.D, and the take-off speed of the aeroplane under 
consideration. 
C. Landing Run Upgrade 


On the level surface with no wind, the time ¢; for the landing run is given 
by the equation 


Vi 
hy = ia 
where V, = landing speed in feet per second, and f = mean deceleration 


in feet per sec.” 
The length of the landing run is given by 


dD, = Vie 7 fete’, 


hol 


and substituting for 4, we obtain 


from which 


The equations for time and distance of the upgrade landing run will be 
V V? 
to Z L 


si ieee ai ‘ Dk a ees 
a f4+ueg i ; f4+x.g 


tole 
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10 20 
X*D, 
Fic. 2. Effect of gradient in the absence Fic. 3. Effect of wind on the length of 
of wind on the length of the take-off run the take-off run from a level surface. 


down the gradient or the landing run up 
the gradient. 


and by substituting for f we obtain, 


— : r i 
2D, + X%.2 

” ® ss a a. ih (6) 
' 144>45- V2 


which is an equation identical with that for the take-off run downgrade 
except for the substitution of V;, for Vr. 

From the curves of Fig. 2 the ratio of the upgrade landing run to the level 
surface landing run can be read off at the appropriate value of x . D; and the 
landing speed V, of the aeroplane under consideration. 
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D. Landing Run Downgrade 
The equations for the time and distance of the landing run downgrade 
follow from the foregoing treatment, 


t oa nd ae. aa 
' f—x.g ” Di, _ 2%-8-Di (7) 


Vi 
which is an equation similar to that for the take-off run upgrade, except 
that V7 is replaced by Vz. 
The curves of Fig. 1 enable the landing run downgrade to be evaluated 
at the appropriate values of x, D,, and Vz. 


(2) Effect of Wind in the Absence of a Gradient 
A. Take-off Upwind 
With the notation used before and assuming that the mean acceleration f 
remains the same in a wind, we have 
Vr —w =f.bte, 
where v, is the wind velocity and f, the new take-off time. By substituting 
for f we obtain, 


to 
V; —- yy = V ae 
T u ee 
therefore, le Vw 
-~=(1-—~)- (8) 
ty Vr 


If D,; and Dz, are the corresponding take-off runs then 


Dz to\? Vw \? 
a8) ON 5 2a SON C 
Dd, (*) (1 “s) (9) 


Diehl’s curve (1, p. 440) of measured take-off runs plotted for various 
wind speeds has been replotted in Fig. 3 together with Equation 9. It is 
obvious that Equation 9 leads to smaller take-off runs than are achieved in 
actual practice. It follows, therefore, that the assumption of the same 
mean acceleration against a wind as in still air does not agree exactly with 
actual behavior during take-off, and that the mean acceleration against a 
wind must be less than that in still air. The equation:— 


De» Ue\es9 
Bee oe w 10 
D, (1 Tr. 9) (10) 


agrees very closely with the measured effect of wind on take-off run (Fig. 3). 
B. Take-off Downwind 
For this condition we have, 
Vr + Vw = ihe ty 


(on the assumption that the mean acceleration down wind is the same as in 


still air), and therefore, 
i Ae 
.* (1 + ie) (11) 
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The distance is given by 
Dz a lw 2 
B= (1+%) (12) 


It is apparent from the upwind treatment that in actual practice the 
mean downwind acceleration is likely to be greater than the mean acceleration 
in still air, and that the take-off distances will probably be more accurately 


given by 
D> v,, \bs 
—- = §4 ee 13 

mn Pre —_ 
which is obtained by giving v~ a negative sign in the formula for upwind 
take-off. 


C. Landing Run Upwind 
For the no wind case we have 
Vi =feh, 
where f is the mean deceleration, and for the upwind case 
Vi —- Vy = f.te ’ 


the same deceleration being assumed. 


to te 
on a SS. ae ‘ 14 
; (1 9) (14) 


If D, and D, are the corresponding landing runs then, 


Hence 


1 V2 1 (Vi — vw)? 
=--— < Do SSS 
D, 2 f and I 2 2 f 
Therefore 
Ds» a ee 
eae a S|, ee 15 
D; (1 3) oF 


D. Landing Run Downwind 


By similar treatment the downwind times and distances will be given by 


ty Uw 

== a 16 
and 

Ds Vue 2 » 

Soe aes sees ‘ 1 

D, (: -t rs ) (17) 


(3) Combined Effect of Gradient and Wind 


When the wind is blowing up the gradient, take-off will be made down the 
gradient since both the slope and the wind will be effective in reducing the 
take-off time and run. Similarly when the wind is blowing down the gradient, 
landing will be made up the gradient since both the slope and the wind will 
be effective in reducing the landing run. Since these cases present no diffi- 
culty, charts have not been prepared for them. 


Fes SEN EA AER RR SE aes SCTE es ee 


2 MeCN SA IN TI i MO MS LGD Ca SINCE Taconic exh ba 
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Two cases are now considered: (1) take-off with the wind blowing down 
the gradient; (2) landing with the wind blowing up the gradient. In both, 
the effects of wind and gradient are acting against each other. It is obvious 
that for winds whose velocities are below a certain critical velocity the effect 
of the gradient will predominate, and for winds stronger than the ‘‘critical 
wind” the effect of the gradient will be less than the effect of the wind. For 
winds whose velocities are below the critical wind velocity, take-off must be 
carried out down the slope (downwind) and landings made up the slope 
(downwind), but, for winds whose velocities are above the critical velocity, 
take-offs and landings must be made into wind. 

Take-off with the Wind Blowing Down the Gradient 

From the preceding treatment it follows that for the upgrade take-off 

the length of run will be given by 











1 ( 1-8 

Ds cia 2S a | Vip | 

—_"~> = "a 7 L — = , 18 

D, jy — 2x-g-Di 1 : (18) 
Vz 

where the first term gives the unfavorable effect of slope and the second 

term gives the favorable effect of wind. 

The downgrade take-off run will be given by 





1 ) 1-8 
Ds foetal le cell | Uw 
D, - =p} i+ rr ; (19) 
; ve J \ } 
The ratio 
upgrade run — {V2 4+ 2x 2g - D; {Vr - Yw\""8 
downgrade run \ Va — 204 .2..D, \Vr ate Vw f 


and for the critical wind velocity this ratio must be unity, which leads to 


Vp 1-8 Vw 1: * 
V3 (! a (1 - e 
s.D, = ie : ; (20) 


(1 + z) = (1 - *) 


which for any particular aeroplane gives the critical take-off wind velocity 








for a given gradient. 

Equation (20) has been used to prepare the curves of Fig. 4 for the deter- 
mination of the critical take-off wind velocity for any given gradient. From 
the appropriate values of x. D, and V7 the take-off speed, the value of 7./Vr 
can be read off and hence the value of v,,, the critical wind velocity for take-off. 
Landing with the Wind Blowing up the Gradient 

From the foregoing treatment it follows that the upgrade ianding run will 


be given by 
! tf}, <4 
a ee (21) 





See 
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Fic. 4. Curves for the determination of the critical wind velocity for take-off on a gradient. 


and the downgrade landing run will be given by 


{ 1 ( \2 
D: ogee Uw 
fet Avs ag i! * v,| ; (22) 
( Vi 





rs 2g te / =a 2/ 
a8) 4(- 5) 
Vi Vr 





| 
| 
f 
\ 
‘ "| Oak: si 
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The curves of Fig. 5 have been prepared from Equation (23) for the deter- 
mination of the critical landing wind velocity for any given gradient, and are 








used in the same manner as the curves of Fig. 4. 





bO, = ~ — 
| VL] M.P.H. 35 40 45 
o- a + -_ —— ———— —— _ — anata 
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| mal 
| 
“6+ ————_—}+-—— — aa 
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VL 
—— peel ts 
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Fic. 5. Curves for the determination of the critical wind velocity for landing on a gradient. 

Equations (21) and (22) must be used for the determination of the length 
of run under any given conditions of wind and grade. It must be remembered 
that all speeds used in the formulas must be in feet per second. 

Although curves are not given for the length of run in the two favorable 
cases where gradient and wind effects are working together, the formulas 
for the length of run in these cases are as follows: 

Wind Blowing up the Gradient for Take-off 
The length of run, if the take-off is down the gradient, will be given by, 





a _ | a (24) 
ae 


Wind Blowing Down the Gradient for Landing 
The length of run, if the landing is up the gradient, will be given by, 


1 e 

D> Ee tae : 

i os a eM 2 

D, i1 4 2x re > 48 V,| (25) 
L 


t 
5 
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PART II 
THE EFFECT OF WIND AND CURRENT ON THE TAKE-OFF OF SEAPLANES 


The effect of wind and current on the take-off of seaplanes has been analyzed 
by using the simplifying assumption that the mean acceleration during take- 
off is independent of wind or current. Approximate expressions have been 
derived for the take-off time and distance in a wind with no current, in a 
current with no wind, and for the case where both windand current are present. 
Curves have been prepared from which time and distance can be rapidly 
derived for any particular case. The following conclusions have been drawn. 

The effect of wind alone on take-off distance is more marked than its 
effect on take-off time. 

The effect of current alone on take-off distance is less marked than its 
effect on take-off time. 

The effect of current on take-off time is closely analogous to the effect of 
wind on take-off time but is of opposite sign. In taking-off against a current 
the over-all take-off distance (referred to shore) is exactly the same as the 
distance for take-off in still water. In taking-off with a current there is a 
very small saving in take-off distance over that in still water. 

In general, irrespective of the direction of the current, there will be a 
saving in take-off distance if the take-off is made into wind. The time of 
take-off will also be reduced except for that case in which the velocity of the 
current exceeds that of the wind, and both are in the same direction. 


Symbols Used 


Vr = Take-off speed of seaplane (still air), 

t; = Take-off time in seconds in the absence of wind and current, 

to = Take-off time in seconds resulting from the effect of wind or current 
or both, 

D, = Take-off run in the absence of wind and current, 

D, = Take-off run resulting from the effect of wind or current or both, 

f = Mean acceleration during take-off, 

UY» = Wind speed, 

ve = Speed of current. 


(1) Effect of Wind in the Absence of Current 
The effect of wind alone on take-off time and distance has already been 
analyzed in Part I for landplanes. For a seaplane, identical expressions are 
obtained. 
Upwind 
Take-off time 


z= (1-7). (26) 


a (: «2 ): (27) 


Take-off distance 
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In the case of landplanes it was noted that Equation (27) did not agree 
with the results of actual take-off tests. 

In the case of seaplanes it has been found (2) that the actual take-off 
times in awind are given very closely by Equation (26), and hence, Equation (27) 
for the take-off distance, derived from Equation (26), is considered to hold with 
reasonable accuracy. 


Downwind 
The equations for downwind take-off time and distance will be, 
lo i Uw 
= (: + “s (28) 
and 
D, — Vw , 
p= (1+ 75) = 


These four equations have been plotted on the charts as the special case 


v./Vr = 0 


(2) Effect of Current in the Absence of Wind 


Take-off with the Current 
For the case of zero current 
Vr =f.h, 
and taking-off with the current 
Vr =u +f 
(the same mean acceleration as in still water is assumed). 
By substituting for f and rearranging, we obtain 


lo wig = Ve ; 
po a 


V2 = 0+ 2f.Di, 





Again, for zero current 


with the current 


V2 = v2 + 2f. De 





i ‘x ae 
ee -+ J T * D, : 
Therefore 
Ds a Ve \2 
B= 1-(y5) - ey 


The values of f2/t; and D2/D, can be read from Figs. 6 and 7 for any particular 
value of the ratio v,/ Vr. 

The take-off distance given by Equation (31) refers, of course, to distance 
relative to the shore. The take-off distance measured along the surface of 
the water is given by, 

(Vr — v.)? = 0+ 2f. Dz 
Dz 
-* 


22 
= Ve . 
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| 
2 4 wy ‘6 
Vr 


Fic 6. Take-off time upwind with the Fic. 7. Take-off distance upwind with 
current. the current. 





Therefore 


Dy _ v\ 
B= (1- ) (31 A) 


Vr 
It is considered that distance measured along the water surface is less im- 
portant than distance referred to shore. Equation (31) and Fig. 7 show that 
the effect of current on take-off distance referred to the shore is very small 
indeed. 
Take-off Against the Current 


In still water 


and against a current 
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Therefore 
b= (+7): (32) 
Vr 
Again, the over-all distance required to take off against the current reckoned 
from the point at which the backward drift with the current ceases to the 
take-off point is given by, 
Ve = 0+ 2f.Dz, 
but in still water, 
Ve = 0+2f.D,. 
Therefore 
D, = D, (33) 


The value of #/t; given by Equation (32) can be read from Fig. 8 for the 
case Ww/Vr = 0. 








= | se 
Uw * 
Vr 


as i 








Fic.8. Take-off time and distance upwind against the current. 


The take-off distance given by Equation (33) is again referred to shore, and 
is the same as the take-off run in still water and still air. 

The take-off distance measured along the surface of the water will be given 
by 


7 


(Vr +2)? = O+ 2f.Dz 


v2 Ds» 
Therefore 
Dz _ v. \? 
a ¢ + re ) (33 A) 


Again, this distance is unimportant unless the question arises of clearing 
obstacles on the surface that are moving with the current. 


Sap reo 
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(3) Combined Effect of Wind and Current 


It is obvious from the foregoing treatment that the equations for take-off 
times and distances will be as follows:— 


1. Wind and Current in Opposite Directions 
Case A. Take-off with the current (upwind) 


° Ve Vn Dy _ ve - 
gee B= ('~ va) 
Case B. Take-off against the current (downwind) 
os Ve Dw PY tw 
po (i+ei+ es) pm - (1+ %) 


2. Wind and Current in the Same Direction 
Case C. Take-off with the current (downwind) 


be Ye Pw i. 2%) 
_* (1 ale ” :) a” (1 ale * ) 


Case D. Take-off against the current (upwind) 


i by plc M8 D: _ (, _ ™\ 
: (1 * me z) Di (1 =) 


~ 





~ 











Fic. 9. Take-off time downwind with the current. 


Obviously Case A (i.e., upwind) is the correct way to take off for Condition 
1, since there is a saving both in time and distance over the still water, no 
wind, take-off. Case B causes a loss in both time and distance. 
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As regards Condition 2, even for the very lightest winds there will be a 
saving in distance by taking-off into wind (Case D), since even for large 
values of v, , the value of v2 / V7 is small, and the effect of the current in reducing 
take-off run in Case C is consequently almost negligible in comparison with 
the unfavorable effect of even moderate winds. The time of take-off will also 
be reduced by taking-off upwind, providing that the velocity of the wind is 
greater than that of the current. If this is not the case the take-off time 


will be increased. 
Cases A, C, and D are given in the curves of Figs. 6, 7; 9, 10; and 8. 





Vw 
Vr 


Fic. 10. Take-off distance downwind with the current. 
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EXCITATION IN SOURCES FOR SPECTROSCOPIC ANALYSIS! 


By G. O. LANGSTROTH? AND D. R. MCRAE? 


Abstract 


From the viewpoint of the spectroscopic analyst, it is desirable to obtain 
some knowledge concerning the phenomena that result in the emission of 
radiation from certain types of sources. Results of intensity measurements on 
the vibration bands of the violet cyanogen system, and on certain lines in the 
tin spectrum, indicate that in the condensed d-c. and a-c. sperk discharges the 
excitation is predominantly thermal in character, just as in the freely burning 
carbon arc. The values for the maximum temperature in the discharge columns 
of these three sources were found to be very nearly 9500° , 780°, and 7000° K., 
respectively. It was observed, however, that the Boltzmann character of the 
distribution over various energy states was lost when the usuél inductance was 
removed from the d-c. spark circuit. 

One of the five investigated tin levels exhibited an abnormal behavior, which 
may possibly be accounted for by the occurrence of collisions of the second kind. 
There is also evidence to show that the emitting column is surrounded by a rela- 
tively cold layer of atoms originating in the material placed on the electrode. 
This layer absorbs some of the intensity of the lines ending on the ground level. 


Quantitative methods of spectroscopic analysis depend on the determination 
of the relative intensities of appropriate spectral lines as emitted by a source 
containing the sample to be analyzed. It is highly desirable to investigate 
the phenomena that result in the emission of these radiations. There are 
at least three important mechanisms in operation in the source; these are 
responsible for (a) the release of material from the electrode, (0) the diffusion 
of the material after its release, and (c) the excitation of the material in the 
discharge column. This paper is concerned with a study of the excitation 
mechanism, (c), in condensed d-c. and a-c. spark discharges, as well as in the 
freely burning carbon arc. 

A considerable number of investigators have studied the excitation in the 
discharge column of freely burning arcs. It has been shown from intensity 
measurements that the distribution of cyanogen molecules over the higher 
rotational states (4, 9), and over the vibrational states (7), may be expressed 
by an equation of the Boltzmann form with a distribution temperature of 
approximately 7000° K. for the normal arc. This value was found to be 
little affected by changes in arc length, current strength, or applied voltage, 
nor did it vary appreciably for different regions along the axis of the dis- 
charge (9). It agrees essentially with the distribution temperature found 
from measurements on the rotational structure of the Cs. bands (3). 
Moreover, intensity data for the gold spectrum suggested that the distribution 
of atoms over the various energy states might be represented by a similar 
equation, using the same distribution temperature (10). Support for this 
view has been obtained from a comparison of relative intensities in the potas- 
sium spectrum as radiated from ares and from flames (1). Indeed an atomic 
distribution of the Boltzmann form has been found in sources in which the 

1 Manuscript received November 19, 1937. 
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conditions must be thought to be less favorable to it than in the arc (e.g. the 
caesium discharge tube (6) ). 

These and similar investigations indicate that in the arc column the dis- 
tribution of the component atoms and molecules over the various energy 
states may be represented by a Boltzmann equation with a single value of 
the distribution modulus, and the appropriate values for the energies and 
statistical weights of the states. Ornstein and Brinkman (8) consider that 
the excitation is predominantly thermal in character, and that the value of 
the distribution modulus at any point in the discharge is given by the tem- 
perature of the arc gases at that point. It may be shown (see Section 1), 
that the distribution modulus as determined, say, from the cyanogen vibration 
bands, corresponds to a temperature only slightly lower than the maximum 
temperature existing in the discharge column. It is significant that it agrees 
with temperatures determined by other methods (2, 5). 

In the present investigation, measurements were made of the relative in- 
tensities of the 0-0, 1-1, and 2-2, violet cyanogen bands, as radiated by the 
condensed d-c. and a-c. sparks, and by the freely burning carbon arc. Measure- 
ments were also made of the intensity ratios of the tin lines 43262/A3175, 
3262/3034, 2850/3009, X2850/A3034, 42840/A3034, 42840/2706, and 
2863/3009, as radiated by the d-c. spark and by the carbon arc. These 
ratios involve transitions from five different initial levels whose maximum 
energy separation is about 9000 cm7. 

The data indicate that the excitation is thermal in character in d-c. and 
a-c. spark discharges, just as in the freely burning arc. The relative popula- 
tion of one (*P3) of the five investigated tin levels, however, exhibits an 
abnormal behavior which may possibly be accounted for by the occurrence 
of collisions of the second kind. 

It was found that the distribution in the d-c. spark preserves its Boltzmann 
character when the inductance in the circuit is markedly increased, and that 
the distribution temperature is little affected. There is, however, a change 
in the relative population of the abnormal *P; level. On the other hand, 
when the inductance is removed from the circuit, the distribution loses its 
Boltzmann character, the populations of high levels being relatively greater 
than expected. This behavior is perhaps not surprising, since the duration 
of the discharge is very considerably shortened, and the fields are probably 
relatively high as indicated by the diffuse broadening of many of the lines. 

There is no evidence of appreciable self-absorption in the discharge column 
itself under the conditions of these experiments. There is evidence to show, 
however, that the discharge is surrounded by a relatively cold layer of the 
atoms originating in the material placed on the electrode. This layer absorbs 
an appreciable fraction of the intensity of lines ending on the ground level, 
but does not noticeably affect the intensity of lines ending on somewhat 
higher levels. In choosing lines to be used in spectroscopic analysis, it appears 
to be desirable to avoid when possible those which end on the ground level as 
well as those which originate in abnormal levels (e.g. *P2, tin, in these ex- 
periments). 
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1. Theoretical Foundation of the Experiments 


In this section it is shown that if the excitation in a source be predominantly 
thermal in character, the observed intensity ratio (J;/Z,) of two transitions 
arising from different initial levels of an atom or molecule, should be closely 


described by, 
; vi\' 
E,/t. = P;,e7AFin/*? P... — (>) - Digi! PnBn : (1) 
n 

where v represents the wave number of the transition, P the transition 
probability, and AE the energy separation of the initial levels of statistical 
weights g; and g,; k is Boltzmann’s constant. The significance of the dis- 
tribution modulus, 7, depends somewhat on the conditions existing in the 
source, and will be referred to below. 
(a) Thermal Excitation under a Constant, Uniform, Temperature. The rela- 
tive intensities of lines or bands radiated from a body of vapor at a uniform 
temperature which does not vary with time are given by Equation (1). The 
distribution modulus, 7, corresponds to the temperature of the vapor. 

(b) Thermal Excitation under a Constant Temperature which is not Uniform 
over the Emitting Volume. In actual sources the temperature is lower at the 
boundaries of the discharge column than it is on the axis. If the temperatures 
are constant with time, Equation (1) is replaced by, 


To 
/ eEWV/kfo) dr 
een (2) 


0 


o 
| en Enlkir) dr 


To 


ESE, = Fs 


where r denotes the radial distance from the axis of the discharge, and 7» the 
radius of the emitting column. £ represents the energy of the initial state 
above the ground level, and the temperature is given by some function f(r). 
It is to be ascertained how well the intensities calculated from Equation (2) 
may be expressed by Equation (1), and what relation the distribution modulus 
found from Equation (1) bears to the actual discharge temperatures. It 
may be pointed out that Equation (2) is developed for the case in which 
the image of the source is focused on the spectrograph slit. 
Let the temperature at a distance 7 from the axis of a thermally excited 
discharge be given by, 
f= Tie. (3) 
where 6 is a constant. The boundary of the emitting column (at 7,) is to 
be associated with a temperature 7, which is not sufficiently great to cause 
appreciable excitation as compared with that in the axial region. If 
the axial temperature is 7500° K. (cf. the arc) the intensity of the 0-0 cyanogen 
band radiated from a region at 4000° K. is calculated to be only about 1° % of 
the axial intensity. Hence for this case 7, may be taken as approximately 
4000° K. A value for r, may be obtained from the observed radius of the 
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emitting column in the arc, 7.e., approximately 1.6 mm. These values for 
Tm, 1,,and 7, give a value for 8 in Equation (3) of 0.25 persq. mm. Suppose 
in another thermal discharge the axial temperature is 10,000° K. (cf. the d-c. 
spark). 7, is approximately 5000° K. The observed radius of the d-c. spark 
discharge is about 1.6 mm., 7.e., 7 is 1.6 mm. Hence, 8 for this discharge is 
0.27 per sq. mm. 

Substitution of Equation (3) with these B-values in Equation (2), and 
graphical integration, permits the calculation of relative intensities as radiated 
from the two hypothetical sources, in terms of the appropriate P factors. 
The ratios of the integrated exponentials in Equation (2) (which replace the 
simple exponential term of Equation (1) ), have been calculated for chosen 
cyanogen and tin transitions. They are given in Table I, along with the 
corresponding values of the distribution modulus for which Equation (1) 


gives the same ratios. 


TABLE I 
| pr 
; 1 | Equivalent modulus for 
Lipa aes 
P | Equation (1) 
Mated Boun- 2h " ae , 
Source temp., dary Cyanogen | Tin Cyanogen | Tin 
| OK temp., cen ‘ } ; , ; 5 
| | K. 1-1 | 2-2 | 3262 | 2850 | 1-1 | 2-2 | 3262 | 2850 
| | 0-0 | 0-0 | 3175 | 3009 | 0-0 | 0-0 | 3175 3009 
a | | | i. + | 
I | 7500 | 4000 | 0.658 | 0.430 | 0.398 | 0.164 | 7140 | 7100 | 6720 | 7000 
II 10000 | 5000 0.713 | 0.521 | 0.509 | 0.267 | 9100 | 9110 | 9270 | 9550 


The average value of the equivalent modulus ts 6990° K. for Source I, and 9260° K. for Source IT. 


It is apparent that the relative intensities radiated by Sources I and II 
may be closely represented by Equation (1) with values of the distribution 
modulus of 6990° and 9260° Kk. respectively. These values for the modulus 
correspond to temperatures somewhat lower than the maximum temperatures 
in the discharge columns. 

It was assumed in these calculations that the density of atoms and molecules 
was uniform throughout a section of the discharge column. If it is greater 
near the axis, as may well be so in an actual source, the values required for 
the modulus of Equation (1) approximate more nearly to the maximum 
temperatures. 

(c) Thermal Excitation under a Variable Temperature which is not Uniform 
over the Emitting Volume. A more complicated situation is encountered in 
thermal excitation in which the temperatures, and the density of atoms and 
molecules over a section of the discharge, are not constant with time. The 
integrated exponentials of Equation (2) must be further integrated over time, 
consideration being taken of the variations in temperature and in particle 
density. Calculations have been made of the relative intensities, for chosen 
cyanogen and tin transitions in three specific cases. In all three if is assumed 
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that the axial temperature is initially 10,000° K., but changes abruptly after 
a time to 7500° K. In Case I, the duration of the initial period multiplied by 
the density of particles present is taken as equal to the corresponding product 
for the second period; in Case II this ratio is taken as 1 : 3; in Case III, it 
is taken as 1:6. Table II contains the values required for the distribution 
modulus in Equation (1), if this equation is to describe the calculated intensity 
ratios. 


Table II indicates that un- TABLE II 





der these conditions, also, the 
relative intensities may be Equivalent modulus for Equation (1) 
closely represented by Equa- es Cyandann re = 
tion (1), using values of 8710°, ———__— } —_____—_____ 
) 1 ue ef. 4 1-1 2-2 3262 2850 
ae a ee ee | 0-0 0-0 3175 3009 
distribution modulus in the §=—————|—— a a 
three cases. If the de nsity of I 8560 | 3600 8800 | 8880 
the particles remains essen- II 8000 8020 8160 8350 
tially constant with time, the Il 7890 | 7780 7780 7980 





value of the modulus of | / oe | a 
Equation (1) corresponds 

very nearly to the time average axial temperature of the source, (7.e., to 8750°, 
8100°, and 7860°K.). 


2. Experimental Procedure 

Method of Attack. The transition probabilities of the violet cyanogen 
bands are known (7). Hence application of Equation (1) of the last section 
to intensity measurements on three or more bands arising from different 
initial levels permits one to determine, (a) whether a Boltzmann distribution 
holds for the cyanogen molecules in the source emitting the radiation, and 
(b) if it does, what the value of the distribution modulus is. This procedure 
has been employed in the study of all the sources investigated. 

The distribution of atoms over the various energy states, and its relation 
to the molecular distribution, were investigated as follows. The P factors 
of Equation (1) were experimentally determined for certain lines in the tin 
spectrum (energy diagram, Fig. 1) from the observed relative intensities 
radiated by a chosen source. This involved the assumption that the excitation 
was thermal, and that the distribution modulus had the same value as that 
determined from the cyanogen bands. The intensities of the tin lines were 
then measured for a second source which had a considerably different distribu- 
tion temperature as determined from the cyanogen bands. These were com- 
pared with the values calculated from Equation (1), using the determined P 
factors and the new value of the cyanogen distribution modulus. Agreement 
of calculation with observation was taken to indicate that in both sources 
the excitation was thermal. This procedure was employed in a study of 


the d-c. spark and the d-c. arc. 
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Circuits for, (a) d-c., and (b) a-c. spark discharge. 
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In experiments with the d-c. spark, the plane electrode of a copper point- 
plane pair (separation, 3 mm.), was covered by a deposit containing tin, and 
lithium tartrate to furnish carbon for the cyanogen bands. Six separate 
sparks, each striking a fresh surface, constituted an exposure. It is estimated 
that the amount of tin in the area of the deposit affected by a single spark 
was about 3 X 10-§ gm. In experiments with the a-c. spark, various loads 
of Rochelle salt were placed on the plane electrode, and exposures of from 
30 to 120 sec. were made. In experiments with the arc, a deposit similar to 
that used with the d-c. spark was placed in a shallow depression in one of the 
purified graphite electrodes. The arc was operated with an electrode separa- 
tion of about 3 mm., and a direct current of about 8 amp. 

The image of the source was focused by means of a quartz condensing lens 
on the slit of a Hilger E2 quartz spectrograph; in a few experiments a larger 
Calibration marks were put on each plate by means of 
a step-slit and quartz band lamp. Intensities were measured by the standard 
method employing a Moll microphotometer. Corrections for background 
intensity were made when necessary. The cyanogen band intensities were 
determined from the maximum blackening near the head of the bands; 
corrections were made for tails of preceding bands. 

The intensities of the tin lines and the cyanogen bands were measured from 
the same exposures in experiments with the d-c. spark; in experiments with the 
arc, they were determined from different exposures, owing to the high intensity 
The conditions of operation of the arc were kept 


instrument was used. 


of the cyanogen bands. 
constant for all exposures. 
3. Results 


Relative Intensities of the Cyanogen Bands as Radiated from the d-c. Spark, 
the a-c. Spark, and the d-c. Arc. Observed values of the intensity ratios 
1-1/0-0, and 2-2/0-0, and those calculated from Equation (1), using the stated 
value of the distribution temperature, are given for the three sources in 
Table III. 

TABLE III 


The a-c. spark The d-c. arc 

















1-1 2-2 1-1 2-2 1-1 2-2 
0-0 0-0 0-0 0-0 0-0 0-0 
0.628 0.420 0.603 0.360 0.558 0.333 
0.640 0.437 0.595 0.365 0.572 0.305 
0.650 0.416 0.581 0.374 0.550 0.357 
0.645 0.430 0.578 0.354 0.600 0.317 
0.642 0.391 0.612 0.383 0.589 0.346 
0.630 0.430 0.602 0.367 
0.635 0.430 
0.647 0.431 
Av. 0.640 0.423 0.596 0.367 0.574 0.332 
Calc. 0.647 0.421 0.600 0.366 0.576 0.336 
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Relative Intensities of the Tin Lines as Radiated from the d-c. Spark, and the 
The tables give the observed intensity ratios, and the 
ratios calculated from the following equations, using the stated value of the 


d-c. Carbon Arc. 
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distribution modulus 7 (cf. Equation (1) ). 


3262 2850 
=< = = 04e- 6200/7 = ().95e-12900/T 
3175 R 3034 - 
3262 ada 2840 

: = 3.0 6600/7 hedge 65e75700/T 
3034 Pe i 
2850 ee 2840 
ae) es ; 25 r—12600 T — = 1 90 
~~ 2706 


The P factors for these equations were determined from measurements on 


the d-c. 


The last two equations are concerned with intensity 


from the same initial level (z.e., AE = 0). 
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spark rather than on the arc, since with the former source both the 
tin and the cyanogen intensities could be determined from the same exposure. 
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TABLE IV 
THE ORDINARY D-C. SPARK. CYANOGEN MODULUS 9000° To 9700° K.; AVERAGE 9500° K. 
(TaBeE IIT) 
ad | = a 
| 3262/3175 3262/3034 | 2850/3009 | 2850/3034 2840/3034 2840/2706 | 2863/3009 
i i—_— —— 7 -|_—_—_—— 
| Obs. | Calc. | Obs. | Cale. Obs | Cale. Obs. | Cale. | Obs. | Cale. | Obs. Lie ale. | Obs. | Calc. 
Ped | by iF | ' 
9000 1.04 1.03 1.37 1.47 | 0 321) 0.310} 0.236) 0.225| 0.87 .88 2.00 | 1.90 0.92 0.93 
9900 | 1.08 | 1.10 | 1.58 bay | - | 0.89 | 0.93 | — } 0.93 | — 
9400 | 1.10 | 1.06 | 1.53} 1.51 | 0.307] 0 326] 0.232) 0.240] 0.93 | 0.91 | 1.92 0.94} — 
0600 1.4.03 | 407 | 4uoo) 1:53] — | | | | 0.94 | 0.92 | 1.86 | 10.94] — 
9400 | 1.04} 1.06 | 1.51 | 1.51 | 0.316 0.326] 0.245] 0.240] 0.88 | 0.91 | 1.81 1 @s030| == 
9700 | 1.10 | 1.08 | 1.53 1.54 | | | 0.95 | 0.92 | 0.90 3 he 
| | | | 
Av. 9500 | 1.07 | 1.07 | 1.52 | 1.52 | 0.315) 0 321) 0.238] 0.235| 0.91 | 0.91 1.90 | 1.90 | 0.93 | 0.93 
| | | | | | | 
TABLE V 
THE D-c. ARC. CYANOGEN MODULUS 6700° To 7300° K.; AVERAGE 7000° K. 
(TaBLE IIT) 
= = ——— eS 
3262/3175 3262/3034 | 2850/3009 2850/3034 | 2840/3034 2840/2706 2863/3009 
i, - —| f 
Obs. | Cale. | Obs. | Cale. | Obs. | Cale. | Obs. | Cale. | Obs. | Cale. | Obs. | Cale. | Obs. | Calc. 
| | | | | 
4 | | | 
7500 | 0.90 | 0.89 | 1.29 | 1.27 | 0.251] 0.232) 0.155} 0.170} 1.07 | 0.77 | 1.95 | 1.90 | 1.18 | 0.93 
7400 | 0.89 | 0.88 1.20 | 1.26 | 0.249) 0.229) 0.163) 0.168) 1.09 | 0.76 | 2.04 | } 1.18 | 
7700 | 0.90 | 0.91 | 1.32 |] 1.30 | |} 1.07 | 0.79 | 1.80] - | 1.10] - 
6800 | 0.78 | 0.82 | 1.20 | 1.16 | | Lari 
6800 | 0.84 | 0.82 | 1.10 | 1.16 | a 
6700 | 0.79 | 0.81 | 1.14] 1.15 | 1.98 | | 1.29 
7000 | 0.88 | 0.84 | 1.12 | 1.20 |} — | — | - - 
Av. 7100 | 0.85 | 0.85 | 1.20 | 1.21 | 0.250) 0.230) 0.159) 0 1.08 | 0.77 | 1.94 | 1.90 | 1.19 | 0.93 
| 
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4. Discussion 

Examination of Table III shows that the observed relative intensities of 
the 0-0, 1-1, and 2-2 violet cyanogen bands radiated by the d-c. spark agree 
closely with those calculated on the assumption that the cyanogen molecules 
are distributed over the initial states in a Boltzmann distribution. The dis- 
tribution modulus has a value of 9500° K. There is likewise good agreement 
in the data for the a-c. spark, and for the arc, the values of the distribution 
modulus being respectively 7800° and 7000° K. 

A comparison of Tables IV and V indicates that the observed tin intensity 
ratios 3262/3175, 3262/3034, 2850/3009, and 2850/3034 for the d-c. spark 
and for the arc, agree with those calculated on the assumption that the tin 
atoms are distributed over the initial levels in a Boltzmann distribution, 
with a modulus equal to that determined from the cyanogen bands. The 
ratios involve transitions from the 12, ‘P{, °P?, and “P% levels (Fig. 1). 
These levels are considered to exhibit ‘“‘normal’’ behavior as contrasted with 
that of *P?. The behavior of \2840 and 2706, which arise from the *P% 
level, and of \2863, which ends on the ground level, will be referred to later. 


TABLE VI 
THE D-C. SPARK WITH A CIRCUIT INDUCTANCE OF 100 HENRIES 











| 
3262/3175 3262/3034 2850/3009 | 2850/3034 | 2840 (3034 2840/2706 2863/3009 
Fe |-— | Ps = 2 — 
Obs. | Cale. | Ons. | Cale. | Obs. | Cale. | Obs. | Cale | Obs. | Cale. | Obs. | Cale. | Obs. | Cale 
| | | | 
| | | | | | 
9400 108 | 1.06 | 1.49] 1.51] | — 1 0.79 | U.91 | | 1.90 | 0.89 | 0.93 
9900 | 1.06 | 1.10 | 1.52 | 1.58 | 0.346] 0.350] 0.276] 0.259] 0.82 | 0.93 | 1.99] - 0.81 | -—- 
9100 | 1.04 | 1.04 | 1.52 1.48 | 0.295) 0.312) 0.230] 0.230} 0.76 | 0.89 | 2.01 | — | 0.80 oes 
8500 | 1.03 | 0.99 | 1 35 | 1.41 | 0.273) 0.281] 0.205} 0.208! 0.68 | 0.85 2.03 | 0.75 — 
9500 1.07 1.07 1.49.) 2.52 1°@ 315) 0.330) 0.257) 0.242) O.81 | O.91 | 2.08 | 0.78 
9200 | 1.06 | 1.04 | 1.46 | 1.49 | | 0.80 | 0.89 | 0.82 - 
Av. 9300 | 1.06 1.05 | 1.47 | 1.50 | 0.307} 0.318} 0.242] 0.235) 0.78 | 0.90 | 2.03 | 1.90 | 0.81 | 0.93 
| | | | | | | | | 





On this evidence it is be- PABLE VII 
lieved that the excitati : THE D-C. SPARK WITH THE INDUCTANCE REMOVED FROM 
keved tat the CAChAliOn In THE CIRCUIT—OBSERVED INTENSITY RATIOS 


the condensed d-c. spark dis- — - : i 


charge is normally thermal 3262 | 3262 | 2850 | 2850 | 2840 | 2863 
in character, just as in the 3175 | 3034 | 3009 | 3034 | 3034 | 3009 
arc. The same is probably | | | | 
true of the condensed a-c. 1.05 | 1.45 | 1.44 | 0.96 
0.96 | 1.39 | 0.366) 0.310) 1.43 | 0.93 
spark, whose general charac- 105 | 1.44 | | | 1.33 | 0.90 
sees . : 2 , 27\7| ae | > 
teristics lie between those of 1.06 | 1.43 | 0.391) 0.307) 1.37 | 0.98 
the d-c. spark and the are. Ay. 1.03 | 1.43 | 0.379) 0.309) 1.39 0.94 
OE hee . oe Equiv. 7, °K," 
Che distribution modulus as 5000 | $700 | 10600! 11400] — | 
found for spark discharge _ oe es eee: Fe ae 





*It is to be noted that different intensity ratios require 
Sie different values of the distribution modulus. Hence 
closely (see Section 1) to the Equation (1) does not apply. 


probably approximates rather 
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average axial temperature during the arc-like phase which follows the 
ignition period. Otherwise it is difficult to understand why extension of 
this phase by introduction of high inductance does not appreciably alter 
the value of the distribution modulus (compare Tables IV and VI). The 
excitation in the condensed d-c. spark with the inductance removed from 
the circuit is apparently not thermal in character, the populations of high 
states being relatively greater than those expected (Table VII). This is 
perhaps not surprising in view of the fact that (a) the duration of the dis- 
charge is relatively very short, and (0) the fields present during emission are 
probably relatively high, as suggested by the observed diffuse broadening of 
many of the lines. 

While the above description of the excitation holds for four of the five 
initial levels investigated, it does not lead to correct results for the intensities 
of transitions from the *P} level. Tables IV and V show that when the P 
factor for \2840/A3034 is determined from the observed intensity ratio for 
spark discharge the calculated ratio for the arc is nearly 30% too small. On 
the other hand, the ratio of \2840 to \2706, which originates in the same level, 
is essentially constant for all types of discharge. The explanation of the 
behavior of \2840 is therefore to be sought in some anomalous behavior of 
the *P? level. As shown by Tables IV, V, and VI, its population in the 
ordinary d-c. spark, and in the d-c. spark with high inductance, is 30% and 
40% smaller than that expected on the basis of its population in the arc. 
The anomalous character of this level is possibly to be accounted for by the 
occurrence of collisions of the second kind. : 

An interesting feature of the data of Tables IV to VII is the observed dif- 
ference in the ratio (2863/3009 for different sources. Since 2863, 3009, 
and 3175 originate in the same level (*P}), and since 3009 and A3175 
behave normally, the differences in the ratio cannot be due to an abnormality 
in the *P! level, but must arise from phenomena connected with the 2863 
transition. 2863 ends on the lowest level of the ground state. Its anomalous 
behavior can hardly result from absorption by other atoms in the discharge 
itself, since, if this were so, self-absorption should play an even more important 
part for lines ending on the *P; and *P: levels (e.g. the ‘‘normal’’ lines 
A3009, A3034, 3175), z.e., the relative populations of the *Po, *P;, and *P: 
levels at 8000° K. are respectively 100, 222, and 270. If however there is a 
relatively cold layer of tin atoms surrounding the emitting column, A2863 
will be the only radiation to be appreciably absorbed by it, 7.e., the relative 
populations of *Po, *P;, and *P: at, say, 500° K., are respectively 100, 
2.5, and 0.03. Changes in the thickness of this layer are sufficient to account 
for changes in the observed intensity of \2863. 

In choosing lines for use in quantitative spectroscopic analysis it is obviously 
desirable to avoid those lines which end on the lowest level of the ground state, 
as well as those which originate in abnormal levels such as *P?. Whether 
any particular level exhibits normal behavior might be shown by obtaining 
data analogous to that given for \2840/A3034 in the tables of this paper. 
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LANGSTROTH AND McRAE: EXCITATION IN SOURCES FOR SPECTROSCOPIC ANALYSIS 


Since the excitation in these sources is thermal in character, the populations 
of the various states as compared with the populations of the ground state 
may be calculated for the different elements of the periodic table. Such cal- 
culations furnish a rough guide for the sensitivity of spectroscopic methods 
as applied in the analysis of any element. The figures in Table VIII give the 
ratio of the population in the raze ultime initial state to that in the ground 
state (per unit statistical weight) for most of the elements as excited in a source 
with a discharge temperature of 7000° K. 

TABLE VIII 


N,20/Nogr Elements 





>10- Li, Na, K, Rb, Gs, Ca, Se Ba; ¥, Ea. Ine Ti. 
10-2 - 10-3 Cu, Ag, Al, Bi, Cr, Mn, Fe, Co, Ni, Sc, Ga, Ti, V, Cb, Ru, 
Rh, Pt. 
10-3 — 1074 Au, Be, Mg, Cd, B, Si*, Sn. 
10-4 — 10-5 Zn, Hg, Pb, P*, As*, Sb*, S*, Se, Te*. 
10-5 — 1077 C*, O*, Cl*, Br*. 
1077 — 10-4 N*, H, Xe, Kr, A, Ne, He. 


*The figures for these elements are upper limits of the ratio, either because the raie ultime is not 
well defined, or because the energy diagram is not well known to the authors. 


The intensity of the raie ultime depends on several factors in addition to 
the population of the initial level per unit statistical weight, viz., the statistical 
weights of initial and ground levels, the transition probability, the number 
of transitions from the initial level and their transition probabilities, and, 
for a given total amount of the element present, on the degree of ionization 
of the element. The above figures give only a rough idea, therefore, of the 
sensitivity of spectroscopic methods for the different elements. 

It is to be noted that the relative population of the initial level is large for 
elements that are readily detected by spectroscopic analysis with ordinary 
sources (e.g., most metals), but that it is small for those which are not (e.g., 
the rare gases and the halogens). It is suggested that development of sources 
having considerably higher discharge temperatures would permit spectroscopic 
analysis for the latter group of elements. 
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A NEW METHOD FOR THE ANALYSIS OF MIXTURES OF 
CHLORINE, PHOSGENE, AND NITROSYL CHLORIDE! 


By E. W. R. STEACIE? AND W. McF. SmitrH? 


Abstract 


A new method for the analysis of mixtures of chlorine, phosgene, and nitrosyl 
chloride has been developed. The basis of the method is the difference in the 
action of these gases on mercury: phosgene is inert, nitrosyl chloride attacks 
mercury yielding an equimolecular amount of nitric oxide, while chlorine is 
completely absorbed. The extension of the scheme to the analysis of mixtures 
containing nitric oxide and nitrogen dioxide has also been investigated. 


Introduction 

The analysis of mixtures of nitrosyl chloride, phosgene, and chlorine is 
a matter of considerable difficulty because of the corrosive nature of the gases 
and of the ease with which they hydrolyze. A simple scheme for the analysis 
of such mixtures has been developed in connection with an investigation of 
the thermal decomposition products of chloropicrin (2). The method depends 
upon the action of the above-mentioned gases on mercury. Phosgene is inert, 
nitrosyl chloride attacks mercury yielding an equimolecular amount of nitric 
oxide, while chlorine attacks mercury and is completely absorbed. The de- 
crease in the volume or pressure of the mixture is thus an indication of the 
amount of chlorine present, while the amount of nitric oxide formed under 
the same circumstances is a measure of the nitrosyl chloride. 


Apparatus 
The apparatus used is illustrated 
A f in Fig. 1. Because of the action of 
dt)2 chlorine and nitrosyl chloride on 
3T7 nt JX , mercury, pressure measurements 
ae were made with an all-glass mano- 
aim ae meter of the spoon type. The 
4) he gauge was contained in a glass 


é jacket in which the air pressure 
\ B could be regulated, and was used 
‘ ? A as a null-instrument, the pressure 
M i — inside the gauge being balanced by 
Fic. 1. airin the jacket, and the air pressure 
1 Manuscript received November 10, 1937. 
fi Se from the Physical Chemistry Laboratory, McGill University, Montreal, 


2 Assistant Professor of Chemistry, McGill University. 
3 Holder of a studentship under the National Research Council of Canada. 
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then read ona mercury manometer. Stopcocks were greased with Apiezon N 
grease, which was found to be quite satisfactory. The bulb A served to pro- 
vide the system with the necessary volume, and carried a protuberance to 
allow freezing-out of the gases. Stopcock 2 led to the pressure gauge, 3 to 
the pumping system, and 4 to the inlet for the sample. In the subsequent 
discussion this section of the apparatus will be referred to as section MM. 

The protective scum which forms on mercury when in contact with nitrosyl 
chloride or chlorine necessitates a thorough shaking of the absorption vessel. 
Consequently the unit composed of the bulb B containing mercury, the trap C, 
and stopcock 1 was connected to the rest of the system by the ground joint G. 
This entire section (denoted by L) could be removed and shaken. The volume 
of the bulb B was approximately the same as that of A, while the trap C was 
made as small as possible so that cooling the trap had only a negligible effect 
(in the absence of condensation) on the pressure in the system L. 
































Procedure 

The sample was introduced into section / of the apparatus by condensation 
or merely by expansion, and the pressure, P;, produced by the gases at room 
temperature was read on the gauge. The gases were then condensed in the 
tube below A with liquid air. Trap C was then surrounded with liquid air, 
stopcock 1 opened, and the condensed gases were allowed to warm up and 
distil into C. When this was complete, as registered by the pressure gauge, 
stopcock 1 was closed and air was admitted to section M/. Section Z was 
then removed and shaken until no color was perceptible in the products when 
condensed in the trap C. Section Z was then reconnected to the system, and 
section J evacuated. With stopcocks 3 and 4 closed and liquid air around 
trap C, stopcock 1 was opened. The liquid air was then removed from around 
trap C and replaced by a frozen saturated solution of carbon dioxide in 
acetone*. 

At this temperature phosgene has a negligible vapor pressure, but nitric 
oxide is entirely in the vapor phase. The nitric oxide pressure, P», was 
then measured, the trap allowed to warm to room temperature, and the total 
pressure, P3, was measured. We then have: 
Original pressure of sample in JJ + L = P, X — ean 
Partial pressure of NOCI in sample P» 

Partial pressure of COCI, in sample P; — P» 
Partial pressure of Cle in sample = (Original pressure) — P3 


eee nr rr eer rer ret eee eae 


Experimental Test of the Method 


In order to test the reliability of the method the action of phosgene, nitrosyl 
chloride, and chlorine, singly and in mixtures, was examined. The phosgene 
used was manufactured by Kahlbaum. Nitrosyl chloride was made from 


* This refrigerant, whose temperature is approximately — 103° C., is easily made by freezing 
with liquid air a solution of acetone which has been saturated with carbon dioxide by cooling down 
with solid carbon dioxide. Its use was suggested and examined by Mr. N. W. F. Phillips of this 
laboratory, and it has been found to be a very convenient method of obtaining a reproducible tem- 
perature considerably lower than that of solid carbon dioxide. 
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sodium nitrite and phosphorus oxychloride, as described by Skinner (1), 
and fractionally distilled several times. Chlorine was obtained from com- 
mercial cylinders and distilled before use. 
It was found that phosgene was unaffected by mercury, as indicated by 
the following data: 
Pressure of COCI, in M prior to shaking with mercury = 
Pressure of COCI, in W + L prior to shaking with mercury (calc.) = 
Pressure of COCI, in M + L after shaking with mercury = 5.25 
Nitrosyl chloride attacked mercury readily, the red-brown color of the 
gas disappearing. The vapor pressure of the resulting gas was approximately 
that of nitric oxide. Thus 


wm CO 


.95 cm. 
ao 


Pressure of NOCI in JJ = 9.6 cm. 
Pressure of NOCI in VW + L (calc.) = 5.4 
After shaking with mercury 

Pressure in MW + L with trap C at —183°C. = 0.4 
Pressure in + ZL with trap C at —103°C. = 5.5 
Pressure in JJ + L with trap C at 20° C. = 5.5 


Chlorine was almost completely absorbed on shaking with mercury, the 
very small residual pressure being presumably due to impurities. Thus, for 


example, 
Pressure of Cl, in WW prior to shaking with mercury = 58.2 cm. 
Pressure in J + L after shaking with mercury = 3 


The data for a number of experiments with known mixtures of the con- 


stituents follow. 


Phosgene and Chlorine 


Sample COCk = 6.35 cm: Cle = -§:55:en: 

Found 6.4 8.55 
Nitrosyl Chloride and Chlorine 

Sample NOCI = 6.1 Cl. = 14.3 

Found 6.05 14.3 
Nitrosyl Chloride and Chlorine 

Sample NOC] = 4.0 Cle = 7.7 

Found 3.95 aun 
Nitrosyl Chloride and Phosgene 

Sample NOCI = 10.55 COecE. = G55 

Found 10.6 7.6 
Nitrosyl Chloride, Phosgene, and Chlorine 

Sample NOCI = 9.8 COCl = 5.95 Cle = §.2 

Found 9.75 6.0 $:2 
Nitrosyl Chloride, Phosgene, and Chlorine 

Sample NOC] = 6.5 COCl = 10.8 Cl = 6.3 

Found 6.45 11.0 6.15 
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Mixtures Containing Nitric Oxide 

It may happen that nitric oxide is also present. In the case of a mixture of 
nitric oxide, phosgene, and nitrosyl chloride, the nitric oxide may be thoroughly 
separated from the other gases by freezing the entire mixture with liquid air, 
and warming to —103° C. It was found experimentally that the solubility of 
nitric oxide in small amounts of nitrosyl chloride or phosgene was not detect- 
able. 

If chlorine is also present in the mixture, the composition will vary with 
the length of time that chlorine and nitric oxide are present together, since 
the rate of recombination to form nitrosyl chloride is appreciable at room tem- 
perature, and the mixture will finally contain only chlorine or nitric oxide, 
depending upon which of the two is in excess. Separation of the free nitric 
oxide from chlorine, nitrosyl chloride, and phosgene may be effected at 
—103° C. if the chlorine does not constitute a large fraction of the gases. 
Otherwise, recombination of the nitric oxide and chlorine should be effected 
before the analysis is attempted. Owing to the termolecular nature of the 
gaseous reaction, the recombination at low pressures is slow. However, 
since the temperature coefficient of the reaction is very small, the rate of 
recombination may be greatly increased by condensation of the gases, so that 
the whole process is complete in a few hours. The pressure drop during this 
time is a measure of the amount of recombination. The resulting mixture 
may then be easily analyzed since it contains only nitric oxide, phosgene, and 
nitrosyl chloride, or chlorine, nitrosyl chloride, and phosgene. 


Mixtures Containing Nitrogen Dioxide 

The presence of nitrogen dioxide is a much more serious complication. At 
room temperature nitrogen dioxide is considerably associated to nitrogen 
tetroxide, the amount of association depending on the pressure. An examina- 
tion of the action of this gas on mercury, the extent of the association being 
taken into consideration, indicated that nitrogen dioxide is replaced by one-half 
its molecular quantity of nitric oxide, a nitrate of mercury presumably being 
formed. In the absence of chlorine, the quantity of nitrogen dioxide in a 
mixture of nitrogen dioxide, phosgene, and nitrosyl chloride may therefore 
be indicated by the pressure drop on reaction with mercury. The amount 
of nitrogen dioxide is, of course, not equal to twice the pressure drop on account 
of association, but, since the amount of association is known as a function of 
the pressure, the calculation may easily be made. 

If nitric oxide and nitrogen dioxide are both present, the formation of 
nitrogen trioxide occurs at low temperatures and causes the retention of some 
nitric oxide when the separation at —103°C. is attempted. Moreover, it 
was found that the amount of nitric oxide combined with nitrogen dioxide 
was considerably less than the equivalent amount, even when nitric oxide 
was in excess, and that the value was not very reproducible. 

When chlorine is present with nitrogen dioxide both are found to act inde- 
pendently on mercury in the manner indicated above. In such a case the 
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pressure drop on shaking with mercury depends on the amount of each, but 
the relative amounts of each can be determined only from the nitric oxide 
formed if nitrosyl chloride is absent. 


It is apparent, therefore, that the method is not satisfactory when nitrogen 
dioxide is present unless the mixture consists only of nitrosyl chloride, phos- 
gene, and nitrogen dioxide, or of phosgene, nitrogen dioxide, and chlorine. 
It is, however, entirely satisfactory when nitrogen dioxide is absent. More- 
over, it should also prove of value for the determination of nitrosyl chloride 
and chlorine in mixtures with other gases which have a negligible vapor pressure 
at —103°C. 
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CANADIAN BENTONITES! 


By WILFRED GALLAY? 


Abstract 


A number of Canadian bentonites were investigated as refining and bleaching 
agents for a variety of industrially important petroleum and fatty oils including 
the following: lubricating oil distillates, cracked motor fuel distillates; peanut, 
cottonseed, coconut, and palm oils; lard and beef tallow; linseed oil; pilchard 
oil; used crank-case oils, insulating oils, and dry cleaning solvents. The raw 
materials and test methods were chosen to conform to industrial practice. 
Canadian clays were chiefly from the four western provinces, and comparisons are 
shown with the results obtained on several imported clays now in use. Several 
Canadian bentonites show good results in the bleaching of fatty oils and petro- 
leum distillates. Bentonite from the Morden, Manitoba, district possesses 
unusually high adsorbent power, and in the activated condition its effect on all 
the raw materials tested is much superior, within the limits of the laboratory 
test methods employed, to that of all other bentonites examined in this investi- 
gation. Optimum methods of activation of these bentonites are discussed. 
Low silica to alumina ratio and high percentage of combined water are the out- 
standing characteristics of Morden bentonite, in comparison with adsorbent 
clays from other sources. Bentonites were not found suitable for use in the 
vapor phase percolation treatment of cracked distillates. 


The present work was undertaken for the purpose of assessing, in a pre- 
liminary way at least, the value of a number of Canadian deposits of benton- 
itic clays for industrial purposes, chiefly the refining and bleaching of various 
petroleum and fatty oils. The occurrence of most of the known deposits 
has been described in publications of the Department of Mines, Ottawa, (1), 
but very few data have been available with regard to their possible appli- 
cations. Consumption of these materials in Canada is supplied practically 
entirely by imports. 

Adsorbent earths may be divided into two general classes; (1) fuller’s 
earth, (2) bentonite clays. Fuller’s earths find their chief industrial applica- 
tions in the bleaching of fatty oils and in the refining of cracked petroleum 
distillates by vapor phase percolation. No deposit of fuller’s earth has 
been found in Canada; it is therefore imported from Great Britain and various 
ections of the United States. Bentonitic clays have found important in- 

ustrial applications in recent years, the largest of which is in the refining of 
petroleum distillates. Spence (1) has compiled a list of these applications. 
The term ‘‘bentonite’’ was first applied to the hydrous aluminium silicates of 
the Fort Benton formation in Wyoming, but has since been applied to other 
earths of somewhat similar character in various parts of the world. The 
known Canadian deposits of bentonitic clays, however, differ importantly in 
properties from Wyoming bentonite, as do also various deposits in the United 
States. Wyoming bentonite forms a stable suspension in water, whereas 
the bentonitic clays settle quite rapidly, being apparently closer to the iso- 
electric point. Wyoming bentonite possesses the property of swelling enor- 
mously in water and yields a stiff gel at concentrations as low as 5%. The 


1 Manuscript received December 3, 1937. 
Contribution from the Division of Chemistry, National Research Laboratories, Ottawa, 


Canada. 
2 Chemist, National Research Laboratories, Ottawa. 
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bentonitic clays swell only moderately. In tests of emulsifying power, 
finely dispersed 1 : 1 aqueous emulsions of a fairly viscous white oil of the 
medicinal type were produced with Wyoming bentonite; these were stable 
for several weeks. Corresponding tests on a variety of Canadian bentonitic 
clays failed to produce emulsions. The same holds true in the case of deter- 
gent power, the Wyoming bentonite being much superior in this regard both 
in laboratory and industrial trials. In adsorbent power, however, this order 
is reversed. The Wyoming bentonite is quite inferior to many bentonitic 
clays for refining and bleaching purposes. Despite these differences, the 
term bentonite has been widely applied to the general class of clays discussed 
in the present work, without distinction from the Wyoming type. 

The adsorbent quality of bentonite is due to the extent and quality of the 
surface area developed by the action of weathering agents. It is probable 
that activation of the naturally found bentonites performs the same function. 
The adsorbent power of bentonites from various deposits differs enormously, 
and the order of merit varies further in many cases depending on the nature 
of the material to be adsorbed. Chemical analyses, although they show 
wide variation in the silica-alumina ratio and proportion of such materials 
as magnesia, lime, and iron, offer no clue and bear no apparent relation to the 
adsorbent power. Available methods of particle size determination by purely 
physical means are too gross to yield any information of value with regard 
to the extent of specific surface. Attempts have been made to set up standard 
tests of adsorbent power, dye solutions chiefly being used as substrates, but 
conclusions drawn from such tests have been found inapplicable in practical 
adsorbent tests on a variety of industrial materials. The evaluaticn of 
bentonites as adsorbents, therefore, remains entirely empirical, and tests 
must be made on the raw materials as used industrially. In the present 
work, contact was made with the industries concerned, and samples of raw 
material that are identical with those which are refined or bleached on an 
industrial scale were secured for test. The test methods, furthermore, corre- 
sponded as closely as possible either with the methods actually used 
industrially, or with methods that are capable of direct interpretation in 
terms of large-scale practice. 

Preparation and Activation of Bentonites 

Bentonites occur naturally in beds in hydrated condition and must be 
dried and ground before use. They may be dried either at ordinary tem- 
perature in protected stock piles, or at elevated temperatures in various 
types of continuous or batch driers, or by a combination of air and oven 
drying. From time to time, the writer has received reports which indicate 
that the drying of bentonite at a fairly high temperature, say at about 450°C., 
increases its adsorbent capacity. Calcination tests at temperatures from 300° 
to about 700° C., followed by adsorption tests, have, however, shown in all cases 
investigated that the bleaching power decreases with increased temperature 
of drying in this range. There are indications also that extended drying 
periods at temperatures above 200° C. also reduce the adsorbent quality of 
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the bentonite. Drying must therefore be effected by indirect heat at tem- 
peratures below a maximum which may be readily ascertained for the ben- 
tonite being processed. Industrial practice generally requires a product 

out 80 to 95% minus 200 mesh, and a variety of grinding means, e.g., a 

mmer mill, are suitable for this purpose. 

For some applications an untreated bentonite, 7.e., a crude bentonite 
merely dried and ground, serves the purpose. For other uses, chiefly in 
the refining of petroleum distillates by the contact method, bentonites are 
treated to enhance greatly their adsorbent powers. This treatment is com- 
monly termed activation. 

Activation of a bentonite consists essentially of treatment with an acid 
solution at an elevated temperature, followed by filtration, washing, drying, 
and grinding. Since bentonites of better quality disintegrate rapidly in 
water, a coarse preliminary grinding is sufficient for the activation process. 
The material is then placed in an acid-resistant vessel, e.g., wood, or lead- 
lined, with an acid solution, and the mixture is heated to boiling by direct 
steam which may be introduced in such a form as to serve also for agitation 
of the mixture. Sulphuric acid in a number of tests has proved superior to 
hydrochloric acid for bentonite activation. A part of the alumina and of 
the impurities are soluble in the acid, and it is probable that the specific 
surface is greatly increased by acid treatment; this results in increased 
adsorbent power. Some bentonites are not improved by activation, and in 
these instances it is found that little alumina dissolves. It is probable that 
the proportion of combined alumina differs in different bentonites. 

Since a given amount of acid is more effective at higher concentrations, 
the amount of acid solution should be kept at a minimum consistent with 
ease of agitation and later transfer to a filter. A slurry that can be stirred 
readily is desirable. The optimum proportion of acid for activation was 
found to vary widely with different bentonites. In all cases a maximum was 
found, above which the adsorbent power of the product decreased. The 
range of this optimum for different bentonites was 25 to 100% by weight of 
the bentonite, with many at about 40 to 50%. These proportions of acid 
were used in the laboratory in a total solution two to two and one-half times 
the weight of the dry bentonite. It is evident that this amount of acid would 
be appreciably reduced in processing on an industrial scale, since slurries of 
much higher clay concentration could be handled. The time of treatment 
necessary to produce a most efficient product varied from one and one-half 
to five hours, depending on the ease with which the bentonite is attacked by 
the acid. 

After acid treatment, and if necessary, suitable dilution and thickening, 
the clay is filtered in a vacuum filter of the continuous type, and washed on 
the filter. In some cases, the hardness of the water used in this washing 
affected the product appreciably, distilled water proving much better than 
tap water. In other cases, no difference due to this factor was noted. 
Generally an activated clay, unless specially neutralized, contains 2 to 3% 
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of mineral acid calculated as hydrochloric acid. After washing, the treated 
clay is dried at a controlled temperature by indirect heat and is then ground 
to 200 mesh. 

It is to be especially emphasized that the determination of the optimum 
procedure for the activation of a bentonite is entirely empirical, and parti- 
cular attention must be paid to the actual bentonite that is to be produced 
on an industrial scale. 


Morden Bentonite 

It is immediately noted from the experimental results below, that the 
bentonite from the deposit near Morden, Manitoba, possesses, for a variety 
of petroleum and fatty oils, unusually high bleaching power. This bentonite 
in the crude state is very active, its activity approaching in many instances 
that of industrially used activated clay, and in some cases it is greater. 
Morden bentonite is furthermore readily susceptible to activation, yielding 
an activated product that possesses far greater adsorbent power than any 
other clay examined in this laboratory, including industrial activated earths 
from the United States, Germany, and France. Particular mention is there- 
fore made of the occurrence and properties of this bentonite. While laboratory 
tests of refining power undoubtedly yield much information of direct value, 
it is to be noted that trials on full plant scale are indispensable in the final 
evaluation of a bleaching earth. 

This deposit occurs over a very large area, but has been examined chiefly 
over a section of about 1000 acres, some four miles north of Thornhill, Mani- 
toba, about equidistant between the Canadian Pacific and Canadian National 
Railways. Some development has taken place in two underground workings 
and on one surface strip. The bed is horizontal and appears to be remark- 
ably uniform in thickness. This is particularly well observed on the two 
edges of a wide ravine that has been eroded through this area. The bentonite 
occurs in several beds interspersed with layers of shale. The total thick- 
ness of the bentonitic material is about three feet. The amount of overburden 
varies greatly, but a large area is so placed as to make stripping operations 
quite feasible. Unofficial estimates of available tonnage, made by mining 
authorities, give the figure at about 6000 tons of recoverable bentonite per 
acre. The bentonite is cream-colored to yellow and contains considerable 
moisture, which however it loses rapidly on exposure. 

The analyses of three samples taken independently from various portions 
of the deposit show the following: SiO:, 51.6, 51.2, 49.8%; AloOs, 24.2, 24.0, 
23.9%; MgO, 0.3, 0.3, 0.8%; CaO, 0.5, 0.6, 0.8%; Fe.Os, traces; loss at 
120° C., 7.8%; total loss on ignition, 23.6, 23.9, 24.3%. These show a 
silica to alumina ratio of 2.13, 2.13, and 2.09 as compared with ratios of 
about 2.3 for Wyoming bentonite, Montmorillonite, and Pyrophyllite. 
Spence (1) obtained an average ratio of about 3.4 for 15 bentonitic clays; 
the lowest ratios being 2.23 and 2.27 for Death Valley and Wyoming ben- 
tonites respectively. In none of these instances however does the amount 
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of combined water approach that in the Morden bentonite, and this may be 
of great significance in relation to adsorbent power. 

A typical fuller’s earth widely used industrially in the bleaching of fatty 
oils showed the following: SiOz, 53.7%; AleO;, 15.6%; MgO, 3.5%; CaO, 4%; 
Fe.03, 6.5%; loss at 120° C., 8.3%; total loss on ignition 15.5%. It is 
important to note that fuller’s earth contains very much less combined water 
than the bentonite. 

Morden bentonite is activated by relatively low proportions of sulphuric 
acid. When a volume of acid solution two and one-half times the weight of 
the bentonite is used, optimum results are obtained with 50% of sulphuric 
acid based on the weight of bentonite. If the volume of acid solution is 
materially reduced, the amount of sulphuric acid can be reduced to about 
35%. The activated clay can be filtered and washed readily, and after 
drying is so soft that it may be disintegrated by hand rubbing. The hardness 
of water used in washing this treated bentonite does not appear to affect 
the bleaching qualities. The amounts of lime and magnesia present are so 
low as to obviate any necessity for pretreatment with brine to effect a base 
exchange and to ensure a minimum of insoluble sulphates. 


CLay LEGEND 


| | 











Clay No. | Source Clay No. Source 
Utah 17, 17a | Saskatchewan 
2a California 18, 18a | Saskatchewan 
3, 3a Morden, Man. 19, 19a | Saskatchewan 
4, 4a Alberta 20, 20a | Saskatchewan 
5 Alberta 21, 21a | Saskatchewan 
6 Alberta 22 | Ontario 
7 Alberta oo | Great Britain 
8 Alberta 24 | Ontario 
9, 9a British Columbia 25 | Saskatchewan 
10 Alberta 26 | Saskatchewan 
11 | Alberta 27 | Georgia 
12 Alberta 28 | Saskatchewan 
13 Alberta 29 | New Brunswick 
14 British Columbia 30a France 
15, 15a Saskatchewan 3la Germany 
16, 16a | Saskatchewan | 32 British Columbia 
NOTE:—a = activated. 


Lubricating Oil Distillates 


The elimination of certain undesirable constituents from lubricating oil 
distillates is generally carried out by treatment either with sulphuric acid 
or one of a number of selective solvents. Sulphuric acid brings about the 
polymerization of unsaturated constituents followed by a partial coagulation 
of these polymers to an acid sludge. An appreciable amount of acid remains 
suspended in the treated oil together with some of the chemically attacked 


constituents in colloidal dispersion. If water alone is then used, exhaustive 
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washing is necessary to remove the residual acid, and no effect is obtained 
with respect to the colloidally dispersed polymers. Neutralization with 
alkali is also ineffective in this regard, with the added disadvantage of the 
liability of emulsion formation. The use of an efficient adsorptive clay, 
however, results not only in the adsorption and removal of the colloidally 
dissolved undesirable constituents but also in the total removal of mineral 
acid. 

In recent years a number of solvents have been shown to possess more or 
less sharply defined preferential solvent power for the undesirable com- 
ponents of lubricating distillates, and lubricating oils treated by this means 
have recently attained considerable industrial importance. Selective solvent 
treatment of the distillates always lessens and in some cases eliminates 
entirely the need for acid treatment, and thus effects also a decrease in the 
amount of adsorptive finishing agents. Bleaching clays, however, are com- 
monly used in the processing of this class of oils also. 

Two methods have been employed in conjunction with the use of adsorbent 
clays. The older is the percolation method in which, as the name implies, 
the distillate is percolated by various means through a column of the 
adsorbent. The method is obviously slow, it entails a serious loss of oil 
through adsorption, and can be used only in the case of an adsorbent earth 
that retains a comparatively coarse particle size. The contact method is 
of considerably greater importance. In this method, the distillate is intim- 
ately mixed with a comparatively small amount of adsorbent, and the mixture 
is heated for a few minutes, following which the finished oil is separated in a 
filter press. 

The amount of clay used varies with the type of oil being processed, with 
the efficiency of the clay, and with the characteristics desired in the finished 
oil, but ranges generally from about 3 to 8%. The temperature and time of 
contact varies also over a considerable range. A highly active and efficient 
clay is desirable, since filter cake losses of oil are considerably reduced. 


Procedure (Distillates 1-6 ) 

For the present purpose, six representative lubricating oil distillates of 
varying S.A.E. ratings were chosen. Of these, Distillates 1 and 2 were solvent 
treated oils and were treated with clay directly. The other four distillates were 
acid treated before being finished with clay. Since a “‘sour’’ or acid treated 
oil is unstable and chemical changes are continuously apparent in it, these 
four distillates were acid treated in larger batches, and portions of the sour 
oil subjected to clay treatment on the same day. In this way any error due 
to slight variation in the effect of the acid was obviated in any of the series. 

The clay contacting was carried out as follows. The distillate (400 cc.) 
was thoroughly mixed with the amount of clay shown in the tables and the 
mixture poured into a one litre, three necked flask, to which were fitted a 
constant speed stirrer, carbon dioxide inlet tube, and thermometer. The 
flask was then immersed in a thermostat to a standard depth above the level 
of the mixture in the flask. The contents was stirred, an atmosphere of 
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carbon dioxide being maintained in the flask until the temperature noted in 
the tables was reached. Then the flask was removed and the oil filtered. 

The contact temperatures used in these tests were all much lower than 
those employed in current refinery practice, and it is well known that the 
sorptive power varies greatly with the temperature. The efficiencies at 
various temperatures, as determined on two of the lubricating distillates, 
indicates, however, the order of results which may be expected at the higher 
temperatures. 

Color was determined by means of an optical head from a Dubosc colori- 
meter in conjunction with two 20 in. tubes, one fitted with a tap near 
the bottom. The depth of the standard was maintained the same and the 
depth of the unknown changed by gradually removing oil through the side 
tube and tap. 

Efficiency. One adsorbent clay, imported from the United States and of 
considerable industrial importance, was chosen as standard, and the results 
obtained with other clays were expressed in terms relative to those obtained 
with this standard Clay 1. Experiments on the same oil with varying amounts 
of clay showed that straight lines were obtained when the color number 
(depth of oil in the colorimeter) was plotted against the percentage of clay 
used. The oil obtained by refining with Clay 1 was used in each series as 
the color standard. Hence the relative merit of a clay may be read graph- 
ically (Figs. 1 to 6) by simple comparison of the abscissa value of the point 
of intersection of the line with any chosen value for the color number. 

The term “efficiency’’ as used in these series represents the bleaching 
power of the adsorbent as compared with the Standard Clay 1, which is 
represented as having an efficiency equal to 1.0 in each series. For example, 
an efficiency of 3.0 means that one pound of the clay in question is as effective 
as three pounds of the standard clay. 

Color. The method of color measurement described above was adopted 
in order to provide an accurate means of comparison of the relative bleaching 
powers of the clays. In order to relate these to the standard industrial 
colorimeter, color values are reported also in a number of instances as deter- 
mined in the Tag-Robinson colorimeter. 

It will be noted that the correlation between the efficiency ratings made 
and those which might be assumed from the Tag-Robinson readings, although 
in nearly all cases in the same order, is in several instances not as close as 
might be expected. The color readings made in the special colorimeter are 
undoubtedly more accurate, but even after this is taken into consideration, 
several unexplained discrepancies remain. 

Lubricating Distillate 1 

This distillate is a solvent treated one and no acid treatment was carried out. 

The experiments carried out with Clays 2 and 3 show that very satisfactory 
checks in the efficiency values are obtained at different levels of clay con- 
centration. It is interesting to note that the efficiencies range from 0.2 to 
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TABLE I 
EFFICIENCIES OF CLAYS ON DISTILLATE No. 1 
Thermostat temp., 120° C.; maximum contact temp., 105° C. 








Clay |Clay,| Color | Efi- | pot38:., |] Clay |Clay,} Color | Effi- | p38: 
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NotEe:—‘‘a”’ denotes activated; ‘ay, a2,”’ etc., activated under different conditions. 


8.1 in this series. By far the most efficient clay of this series is Clay 3, 
which in the unactivated state shows the extremely high figure of 3.3. In 
addition to this great activity in the crude state, the efficiency is raised to 
8.1 by activation, 65% greater than that of Clay 2a, which is the best of the 
industrially important earths examined during this investigation, and which 
may be regarded as a standard activated clay. 

In order to determine the effect of temperature on the bleaching efficiency 
of clays, further experiments were carried out at varying temperatures, all 
other conditions being maintained the same. 


TABLE II 
EFFECT OF TEMPERATURE ON BLEACHING EFFICIENCY 


Color No. at max. contact temp. | Efficiency at max. contact temp. 


105°C. | 149°C. 188° C. | 105° C. 149° C, 188° C. 
1.00 3.50 3.06 
3.30 5.62 4.15 
8.10 | 10.80 
0.90 | 2.30 

| 3.00: | 2.61 

| 


24.1 
32.6 
80.6 
18.6 
20.8 
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It is noted that there is an optimum temperature of treatment for a contact 
clay above which its decolorizing capacity decreases. The optimum tem- 
perature of contact for the highly efficient Clay 3a is not yet reached at 188° C., 
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which is close to the flash point of this light distillate. The figures in Table II 
for the efficiencies are all based on the results obtained at 105° C. with Stan- 
dard Clay 1. 

Fig. 1 shows the relation between color number and clay concentration at 











105°C: 
3 
4 
c 
°o 
a 
oO 
VU 
° 2 4 6 8 10 
CLAY CONCENTRATION oa 
Fic.1. Efficiency of clays on Lubricating Distillate 1 (solvent treated ) 
TABLE III 
ANALYSIS OF SOME FINISHED OILS FROM DISTILLATE 1 
— a — —— a = = ES — SS a ee ae 
Before oxidation | After oxidation | 
: ‘ ; Sp. gr. |-—— - |—-— - Coke Visc.- 
Clay | Clay, S.E. ee eae a : F 
An o% ny 60 /60 | Visc. ites | Visc. Cole No. Ox, 
‘ | F. at Co Pe No diff. | ratio 
PAOOZ ES | =" AOOME. ae 
— faeces 
1 1 57 | 0.888 248 0.06 385 0.61 0.55 1.56 
1 2 58 0.888 245 0.08 Zi6 | 0.97 0.09 1.12 
1 4 54 | 0.888 249 0.09 287 0.20 0.11 toh 
1 6 57 0.887 247 0.07 294 | 0.16 0.09 1.19 
1 8 58 0.887 247 | 0.07 290 0.17 0.10 1.18 
1 10 62 0.888 247 | 0.05 361 0.33 0.28 1.46* 
2a 2 41 | 0.888} 247 | 0.05 310 0.25 0:20 ||) 2325 
2a 4 46 | 0.888 247 0.07 300 0.17 0.10 1.21 
10 | 4 58 | 0.387 247 0.05 326 0.32 0.27 1 32 
8 | 4 56 0.887 247 | 0.14 | 303 0.23 0.09 1.23 
Si 4 56. | ‘O:S88.| 247 | 20527 307 O.21 0.04 1.24 
Bri 4 2 55 | 0.888] 247 | 0.04 | 320 0.28 0.24 1.29 
4a | 4 57 0.887 | 247 eg | 288 O32 0.17 17 
9a 4+ 55 0.887 | 247 Oly | 276 0.26 0.09 has 
4 1 58 | 0.888 247 0.03 293 0.21 0.18 1.19 
3az3 2 53 O.888 | 247 0.07 297 0.40 0.33 1.20 
3ds3 1 62 0.888 247 0.15 301 0.30 0.15 1.22 
| ' 























* This oil underwent a longer period of oxidation, hence the higher viscosity-oxidation ratio. 
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A partial analysis of the refined oils obtained with different clays on Distil- 
late 1 is shown in Table III. The oxidation resistance and coke number tests 
were carried out according to British Air Ministry General Specification 
Number D.T.D. 109 for Mineral Lubricating Oils, except that six hours’ 
oxidation was used. The steam emulsification number was obtained by the 
standard A.S.T.M. method. 

It is noted that only with Clay 1, of comparatively low efficiency, when 
used in the concentration of only 1%, is there obtained a relatively higher 
viscosity-oxidation ratio or lower resistance to oxidation. The coke number 
difference is also the highest in this instance. 











Lubricating Distillate 2 
This distillate is a solvent treated one and no acid treatment was carried 


out. 






TABLE IV 
EFFICIENCIES OF CLAYS ON DISTILLATE 2 





Thermostat temp., 200° C.; maximum contact temp., 175° C. 
I I ‘ 













































i 
I oo” Color | Efficiency om +s _ » | Color | Efficiency 
1 2 18.0 eo ae 1 19.5 2.8 
1 4 22.2 110 3as 2 25.4 2.9 
i 6 26.0 1.0 4 4 18.8 0.63 
1 10 33.9 1.0 de 2 19.6 1.42 
2a 2 20.5 1165 6 4 16.9 0.38 
2a 2 20.6 1.68 7 4 23.0 1.12 
2a 4 28.7 1.83 9 4 22.7 1.10 
3 i 16.4 1.25 9a 2 20.2 1.58 
3 2 18.9 1.25 10a 4 25.9 1.50 
3 4 23.7 1.22 








The most efficient clay in this series is again Clay 3, both in the crude and 
activated states. Very good checks were obtained on several clays at different 
concentration levels. Clay 3a is 65% more efficient than Clay 2a. This 







same relation was obtained on 







Distillate 1. Distillate 2 isa TABLE V 

very heavy one corresponding = Errecr of TEMPERATURE ON BLEACHING EFFICIENCY 
to about S.A.E. 60, and hence DISTILLATE 2 

generally lower values are 8SSSSsSSS—S—SSSSSSSSSS0. 
found for the efficiencies, as Ctey Efficiency at max. contact temp. 
















compared with those for Dis- No. 175°C. 932°C. 274°C. 
tillate 1, corresponding to ——_—_—— — — 
Table V shows the results 3 1.25 2.04 2.38 
i cel a 3a 2.85 4.40 3.80 
Oo tained in re ining istillate 9 1.10 0.94 0.96 
2 at various temperatures, all 9a 1.58 1.38 1.36 
th z li : 7 I a I - + 0.63 0.75 0.70 
oO er conditions ye1INg the 4a 1.42 1.36 + 44 


same. 
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In the case of Clay 3, the optimum temperature of contact has not been 
reached at 274°C. The efficiencies are based on the results obtained at 
175° C. with Standard Clay 1. 

Fig. 2 shows the relation between color number and clay concentration at 
175" C. 


NOe 


COLOR 





Oo 2 4 6 8 10 
CLAY CONCENTRATION % 


Fic. 2. Efficiency of clays on Lubricating Distillate 2 (solvent treated ). 


Table VI shows a partial analysis of the refined oils obtained with different 
clays on Distillate 2. The oxidation was carried out for 12 hr. according to 
the specification noted above. 

TABLE VI 
ANALYSIS OF SOME FINISHED OILS FROM DISTILLATE 2 











Before oxidation Atter oxidation 
Clay Clay, S.E. —— —-— - - —-—----— —- Coke No. Visc.-ox. 
No. % No. Vise. at Coke | Visc. at Coke diff. ratio 

100° F. No. 100° F. No. 

5 = = oe jo eel pecaed 

1 10 | 225 2276 0.41 | 2454 0.80 0.39 1.08 
1 6 | 230 2252 0.54 2489 1.10 0.56 1.10 
3 1 229 2259 0.46 2498 1.02 0.56 1.19 
3a 2 224 2267 0.47 me - = 
2a 1 | 223 2229 0.53 - 
3 4 217 2271 0.70 - - - - 
3 2 | 216 2245 0.56 2477 1.05 0.49 1.10 
9 4 | 223 2250 0.55 2805 1.21 0.66 bu2e 
7 + 221 2246 O37 2624 1.25 0.68 a 87 




















NotTE:—Ovxidation test—British Admiralty Test D.T.D. 109, 12 hr. 
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Lubricating Distillate 3 

For each of Distillates 3 to 6, a number of preliminary experiments were 
performed in acid treating, in order to determine the optimum time of treat- 
ment and time and speed of centrifuging. 

Several batches of 2500 cc. of Distillate 3 were vigorously stirred with 
50 gm. of concentrated sulphuric acid, and treatment was maintained at room 
temperature for 30 min. The oil was then centrifuged at 2000 r.p.m. for 
15 min. The supernatant oils from all batches were mixed to form one stock 
for clay treatment. 

TABLE VII 
EFFICIENCIES OF CLAYS ON DISTILLATE 3 


Thermostat temp., 120° C.; Maximum contact temp., 105° C. 


Tag- 
Robinson 


Clay | Clay,| Color Effi- Tag- Clay | Clay, | Color Effi- 
color 
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Clay 3 and its activated form are outstanding in the efficiencies afforded 
in the refining of this light distillate. Some representative analyses are 
shown in Table VIII. The oxidations were carried out for six hours only. 


TABLE VIII 
ANALYSES OF SOME FINISHED OILS FROM DISTILLATE 3 








Before oxidation After oxidation 
ee i a -| Coke No. |  Visc.-ox. 
No. Vise. at coke ‘isc. at ‘oke ratio 
100° F. 


104 0.09 

105 0.10 

105 0.08 

104 0.08 111 

105 0.09 112 

104 0.08 112 22 


NotEe:—Ovxidation test—British Admiralty Test D.T.D. 109, 6 hr. 


These analyses show practically no differences among these oils beyond 


experimental error. 
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COLOR NO. 





Oo 2 4 6 8 10 
°o 
CLAY CONCENTRATION te 


Fic. 3. Efficiency of clays on Lubricating Distillate 3. 


Lubricating Distillate 4 


Several batches of 2500 cc. of the distillate were stirred vigorously with 
100 gm. of concentrated sulphuric acid, and the treatment was maintained 
at room temperature for 25 min. The sludge settled well and treatment with 
water was found unnecessary. The mixtures were centrifuged at 2000 r.p.m. 
for 15 min. after an initial short settling period. The centrifuged oils were 
then mixed to provide a uniform stock for clay treatment. 


TABLE IX 
EFFICIENCIES OF CLAYS ON DISTILLATE 4 


Thermostat temp., 190° C.; maximum contact temp., 175° C. 











; EF Tag- - oF . Tag- 
Le oe CG lay. Color Eff- _ likebienen ale Clay Clay, Color Effi 4 eheaeon 
No. % No. ciency : ‘olor aL No. % No. ciency a 
1 258 1.0 3a 2 38.0 4.40 93 

1 32.8 1.0 91 3a 6 69.6 4.25 
1 40.0 1.0 4 4 24.0 0.41 
3 E 25.9 1.35 | 4a 4 42.3 2.78 
3 37.8 | 1.46 9} 9 6 36.0 1 St 9+ 
3a | 0 51 24.6 | 3.80 8i+ || 9a 4 43.9 | 3.00 





The highest efficiencies are shown by Clays 3 and 3a, for crude and acti- 
vated earths respectively. Some analyses are given in Table X, the oxidation 
period being 12 hr. 
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TABLE X 
ANALYSES OF SOME FINISHED OILS FROM DISTILLATE 4 


Before oxidation After oxidation 
Clay Clay, i Coke No. Visc.-ox. 
No. % " Vise. at Coke Visc. at Coke diff. ratio 
100° F. No. 100° F. No. 








NoTte:—British Admiralty Test D.T.D. 109, 6 hr. 


Practically no differences are found among these oils refined to varying 
color values by these clays. 


70 


8 
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Fic. 4. Efficiency of clays on Lubricating Distillate 4. 


Lubricating Distillate 5 


This was a light distillate of viscosity corresponding to about S.A.E. 10. 
Batches of 2500 cc. were stirred vigorously with 50 gm. of concentrated sul- 
phuric acid and treated for 15 min. Good coalescence of the sludge particles 
was obtained. The acid-treated oils were centrifuged at 2000 r.p.m. for 15 
min. and the stocks mixed. 
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TABLE XI 
EFFICIENCIES OF CLAYS ON DISTILLATE 5 


Thermostat temp., 120° C.; maximum contact temp., 105° C. 








Effi- | Tag- 





| x | | 
Th | 
; | Aion lag- I ae a ees ; 
1g ss — E ond | Robinson || a ' lay, — Senay Robinson 
ea us we , ciency | color | are 40 wee < color 
t | 2 2 ake | 1.0 | | 3a 2 | 30.4 | 3.53 | 183 
i | 6 | 30.0 10 | 183 3a 6 | 43.4 3.46 
1 | 10 | 33:1 | 1.0 | 4 4 24.4 0.35 
3 i | 24.6 | 1:50 | | 4a 4 30.7 1.81 
3 } 2) i) 226"5 Loo | 1 9 4 30.2 Loa: <i 183+ 
3 | 6 | 32.9 | 1.60 | 183 || 9a 4+ 32.0 2.16 | 
| | 





The order of efficiencies of the clays on this very light lubricating distillate 
was similar to that obtained in other series, Clays 3 and 3a being the best. 
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Fic. 5. Efficiency of clays on Lubricating Distillate 5. 


Lubricating Distillate 6 

_ This distillate was the heaviest of this series, S.A.E. about 60 to 70, and 
the viscosity of the oil was found to render efficient stirring at room tem- 
perature impossible. Centrifuging was found ineffective in settling the 
sludge in the acid treated oil without further treatment. The procedure 
finally adopted was as follows: batches of 2500 cc. of the distillate were treated 
with 100 gm. of concentrated sulphuric acid, and the mixture was stirred 
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vigorously for 30 min., the temperature being maintained at 50°C. After 
20 min. of treatment, 25 cc. of water was added to each batch; this resulted 
in a good coalescence of the colloidally dispersed acid sludge. After centri- 
fuging at 2000 r.p.m. for 15 min., the centrifuged stocks were mixed. 


TABLE XII 
EFFICIENCIES OF CLAYS ON DISTILLATE 6 
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Clay 3 and its activated form are the most efficient of the crude and activated 
clays, respectively, in this series. 


90 


CONCENTRATION 


Fic. 6. Efficiency of clays on Lubricating Distillate 6. 


Lubricating Distillate 7 


This is a solvent treated distillate corresponding to about S.A.E. 30 in 
viscosity, and was adopted in later work as the standard unfinished oil for 
the preliminary testing of an unknown bleaching clay. The contact procedure 
used in connection with this distillate was that used by the laboratories of a 
Canadian oil refining company. To 300 gm. of the distillate in a standard 
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beaker was added 6% of the clay, and the mixture was thoroughly agitated. 
Then the temperature was raised to 149° C. over a period of 15 min. by direct 
heat, with agitation at a standard rate. The oil was then filtered and the 
color measured in the Tag-Robinson colorimeter. 

Clays 15 to 21 were received from the Department of Ceramic Engineering, 
University of Saskatchewan, for test as to possibilities as bleaching clays. 
These materials were activated under different conditions and tested on 
Distillate 7, the above refining procedure being followed. The color shown 
last in each horizontal series is the maximum bleaching effect obtained. 
Results with Clays 2a and 3a are shown in comparison. 


TABLE XIII 
DECOLORIZING POWER OF SOME SASKATCHEWAN CLAYS 





Activated | Clay, Tag-Robinson Activated | Clay, Tag-Robinson 

clay No. % colors clay No. % colors 
15 6 | 16% 163+ 163+ 163+ 21 6 | 17+ 173 1834 1834 
16 6 163+ 162+ 163+ 163+ 
17 6 | 163+ 164+ 163+ 163+ 2 2 163 
18 6 163+ 17 17 173 2 6 18 
19 6 17. 17} 1734 3 6 184-4 
20 6 163 174 17} 174+ 





These clays are the most important in a series investigated by Worcester (3) 
during the course of this work, and since that time described by him also 
elsewhere (4). His results show that all these clays when activated, with 
the exception of Clay 19, are superior in bleaching power to the standard 
imported Clay 2a. In his tests, the standard oil was a used crank-case oil, 
whereas, as is shown in a later section of this work, results obtained on used 
crank-case oil do not necessarily represent efficiencies on new distillates. 
Furthermore, the concentration of clay was 20%, very much higher than any 
level industrially feasible. 

It will be noted from the figures of maximum color removal (highest Tag- 
Robinson color values), that in only one case, viz., Clay 21a, are the results 
superior to those obtained with the standard activated Clay 2a. Clay 21a 
is approximately equal in efficiency on Distillate 7 to Clay 3a, which was 
found to possess unusually high bleaching power on all the other lubricating 
distillates examined. It is to be noted (4), however, that Clay 21 has been 
found thus far in a bed which at the point of sampling was only 18 in. thick. 


Cracked Motor Fuel Distillates 


Three general methods are used in the clay treatment of cracked motor 
fuel distillates, viz., (a) contact method, () vapor phase percolation, (c) con- 
tinuous countercurrent method. 

(a) Contact Method 

This method is similar to that already described for lubricating oil distillates 

and involves the agitation of the cracked distillate with clay, followed by 
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filtration. The method is of little importance in Canadian refineries, and 
was not used in the present investigation. 


(b) Vapor-phase Percolation 

This method is widely used in units commonly termed Gray Towers, 
designed and marketed by the Gray Processes Corporation. In these towers, 
cracked distillate is percolated through a column of refining clay, which 
exerts a polymerizing action on the unsaturated components. The polymers 
formed are returned to the re-run still or the cracking plant for further pro- 
cessing, and the refined distillate is condensed. The Gray Tower may consist 
of two shells, wherein the vapors ascend the outer shell of the tower and then 
percolate downwards through the clay supported in the inner shell by a 
perforated plate surmounted by a fine mesh screen, generally of spiral weave 
monel metal. The temperature of the clay is maintained by the ascending 
vapors around the inner shell. In another type, the tower consists of a 
single well-lagged shell containing the clay, and the vapors pass directly 
through the clay. In this case, the small amount of condensate serves to 
dilute the rather viscous polymers and render them more readily removable 
from the clay. The clay used is commonly 30 to 60 mesh in size, and the 
working pressure in the tower is usually from 50 to 60 Ib., although pressures 
as high as 225 Ib. have been used. 

For the laboratory testing of refining clays by the vapor-phase percolation 
method, the apparatus shown in Fig. 7 was used. A is a well-lagged steel 
still-pot, fitted with rounded bottom, drain valve, opening for filling with 





Fic. 7. Laboratory apparatus for the refining of cracked distillate. 
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crude distillate, and union connection to the model Gray Tower B. The 
contents of A are heated electrically by outside heating coils, and the heat is 
controlled by rheostats and ammeter. The treating tower, B, with lagged 
cover, C, dismantled, is shown in detailed cross section in Fig. 8. D is the 
condenser for the refined distillate, and at E is shown the outlet for the 
polymers formed. F (Fig. 7) is the Saybolt chromometer used in color 
measurement of the refined distillates. 

The refining clays used industrial- 
ly in Gray Tower units are of the 
fuller’s earth type, and the screen 
size is carefully controlled, generally 
30 to 60 mesh and largely 40 to 50 
mesh. There is no disintegration of 
the clay during use and revivifica- 
tion. Several trial runs were made 
in the apparatus shown, a fuller’s 
earth that is standard for this pur- 
pose being used, and excellent bleach- 
ing capacities were obtained. A large 
number of trials were made with a 
variety of bentonitic clays such as 
used in the previous section on lubri- 
cating distillates, but in all cases a 
lesser bleaching capacity was ob- 
tained. It was noted that with all 
bentonites, although introduced in 

/ 30 to 60 mesh size, the refining was 

very slow, and it is probable that 
the lengthy contact with these active 
| materials caused further chemical 
t changes in the lowest part of the 
tower. Examination of the clay 


rey) Diagram of model Gray Tower (B in charge after a run showed a dis- 
Mtg. 7 ). 








integration and packing in the ben- 
tonites which caused excess pressure in the tower. It was concluded there- 
fore that the bentonitic type of clays is not suitable for use in the vapor- 
phase percolation process. 
(c) Continuous Countercurrent Method 

This method of clay treatment of cracked distillates, introduced com- 
paratively recently and of great importance in Canadian oil refineries, has 
been fully described elsewhere (2). In this process the pressure distillate, 
after a lye wash to remove hydrogen sulphide, is fed to a still and from there 
to the clay treating tower. The latter is a conventional bubble-tower, fed 
at the top by a heavy slurry of clay in a finished naphtha. The ascending 
vapors of crude distillate pass through the clay slurry and are condensed, the 





i 
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spent slurry overflowing from a weir on each plate to a settling chamber. 
The refining process is continuous. The polymers formed during the process 
are adsorbed by the refining clay. 

A laboratory method used for testing a refining clay to serve in the above 
process was developed in the laboratories of Imperial Oil Limited, Sarnia, 
Ont. It yields results that may be interpreted in terms of industrial scale 
refining.* This laboratory procedure was used in the present work. The 
raw distillate was first thoroughly shaken with 15 Bé. sodium hydroxide 
solution (20 cc. per 500 cc. distillate), separated, and thoroughly washed 
three times with water. It was then filtered through several thicknesses of 
filter paper to remove the last traces of moisture. From 500 cc. of this 
washed distillate in a 500 cc. distilling flask there was then distilled (A.S.T.M. 
apparatus) 425 cc. with an end point of 185°C. For the clay treatment, 140 
cc. of the last-named distillate was thoroughly mixed with 1% of clay, placed 
in a Vigreux flask of special design, and distilled until 118 cc. was recovered. 
The finished distillate was then filtered to remove the last traces of moisture 
and the color was read on a Saybolt chromometer with enclosed illumination. 
The raw distillate used had an initial b.p. of 38° C., and an end b.p. of 193° C. 


TABLE XIV 
CLAY TREATMENT OF CRACKED DISTILLATES 








Clay Clay, . Color drop Clay Clay, . Color drop 
No. % Color after storage No. % Color after storage 

1 1 +30 8 1 1 +30 10 

3 1 +30 10 3 1 +30 9 

3a 1 +30 0 + 1 +19 0 

1 1 +29 10 1 1 +29 12 

9 1 +25 6 13 1 +17 0 

9a 1 +26 1 22 +18 0 

1 1 +29 11 1 } +27 14 

4 1 419 0 3 1 429 14 

14 +21 0 7 1 +26 13 





Table XIV shows the results obtained in some of the refining experiments. 
The color measuring instrument reads to a maximum value of +30, and 
superior colors are noted by this same figure. The refined distillates were 
allowed to stand for about 10 weeks in the dark at room temperature, following 
which the colors were measured again. The last column of Table XIV shows 
the color drop, i.e., the increase of color during this period. Sufficient dis- 
tillate was obtained in the first distillation for three second distillations on 
the same day. One of these three on each day was a distillation over Clay 1, 
which was used as a standard. 

The only clay of this series equal to the standard in decolorizing efficiency 
is Clay 3 and its activated form. From the refining experiments where only 


*A modification of this method is now employed as a routine test method in the laboratories 
of Imperial Oil Limited. 
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3% of clay was used, it would appear that Clay 3 is somewhat more efficient 
than Clay 1. The results obtained after storage show, as might be expected, 
that the gasolines with poor original color have a low color drop, in some 
cases nil or even some little improvement. The cases of Clays 3a and 9a 
are of importance, since they show that the action of an activated clay with 
some residual acid yields a more stable gasoline than does a crude clay in so 
far as is shown by color hold. No gum tests were carried out, and no appreci- 
able development of odor was noted during storage. 
Soap and Packing House Oils and Fats 

A number of bleaching clays were tested with regard to their activity in 
the bleaching of animal and vegetable oils used for edible and soap purposes. 
Some of the oils had been alkali refined before the tests were made, other oils 
used were samples of type oils that had not been alkali refined. The standard 
clay for comparison in these tests was an industrially important fuller’s 
earth (Clay 23) commonly used in the soap and packing house industries. 
No activated carbons were used in conjunction with the clays. 

The apparatus and method used conformed with the specifications of the 
American Oil Chemists Society, the oil-clay standard stirrer being driven 
at 250 r.p.m. A thermostat was used to control the heating in all cases. 
Color measurements were made in a Lovibond tintometer with enclosed 
illumination, a 5} in. silvered cell being used. 

The bleaching time was 5 min. in all cases (Tables XV to XX). Deter- 
minations of free fatty acid (F.F.A.) were made according to the standard 
method of the American Oil Chemists Society and are expressed as oleic acid. 
Prime Steam Lard 

TABLE XV 
BLEACHING OF PRIME STEAM LARD 








Alkali refined; bleaching temp. 69° C. 
. Color eis 
Clay No. , lay, —— -————_ —____— ———___—_—_————_ F.F.A., 
#0 Red Yellow Blue = 
23 (Standard) 1 320 0.3 0.7 
23 3 ave 0 3 Ly 0.59 
3 1 Lt 0.1 0.0 
3 3 Bik 0.2 0.0 
9 1 el 0.1 0.0 
3a 4 ese O.3 0.0 0.55 
5 1 55 4.0 5.4 
11 1 6.4 2.0 258 
6 1 G1 2.0 2.6 
4 1 9.0 20 2.1 
24 1 3.9 0.8 0.8 
0.57 


Unbleached 





Clay 3 possesses an efficiency several times that of the Standard Clay 23, and 
in the activated form produces an excellent bleach at the low concentration 


} No excess acidity is afforded by the activated clay at this concen- 


of +%. 
tration. 


Se 


i 
i 
i 
; 
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Beef Tallow 


TABLE XVI 
BLEACHING OF BEEF TALLOW 


Alkali refined; bleaching temp. 82°C. 








. Color 
Clay No. Clay > | Pesta) siaet eee! 
40 Red Yellow 

23 (Standard) 1 +30 1.0 
23 3 15.0 0.8 

3a 1 1.6 0.1 

3a } +30 1.0 

3 1 5.8 0.4 





tN 
~~ 





Clay No. 


te Ww 


wn 


/ 


Clay, 
a 


oO 


So a le 


Color 





Red | Yellow 


13.4 1.0 
230 Fiz 
+30 1.0 
12.4 0.8 
+30 2.4 


During the progress of this work, yellow Lovibond glasses of values 30 to 50 
were not available, hence all colors over 29.9 are recorded as +30. 
Clay 3 has an extraordinarily high bleaching efficiency in comparison with 


the standard clay. 


Although the amount of clay generally used with beef 


tallow is low, concentrations as high as 3% were used to bring the color within 


a measurable range. 
almost water white. 
Cottonseed Oil 


Clay 3a, at a concentration of 1%, bleaches the oil 


This oil is the most important industrially of this series, and two series of 

bleach tests were carried out on alkali refined oils obtained from two sources. 
TABLE XVII 

BLEACHING OF COTTONSEED OILS 


Both oils alkali refined; bleaching temp., 120° C. 


Color, 
Clay Clay, Oil No. 1 
No. We ces 
Yellow Red 
a aa ; 

23 (Std.) 6 25 2.0 
3a a 10 1.0 
3a 2 16 ‘3 
3a 1 26 2.4 
9 3 21 1.6 
5 6 +30 3.0 
4 6 +30 3.0 
6 6 +30 3.0 
14 6 30 2.4 
22 6 +30 3.0 
3 6 24 1.8 

















Color, 
Oil No. 2 

Yellow Red 
3 2.4 

12 £2 
18 1.4 
24 2.3 
23 Bye 
+30 6.0 
+30 4.0 
+30 6.0 
22 2.0 








F.F.A., 
oe 
i) 

Oil No. 1 | Oil No. 2 
0.07 0.08 
0:17 0.21 
0.06 0.11 
0.14 0.12 





Clay 3a is shown to be about six times as efficient in bleaching action as 


the Standard Clay 23. 
than the standard. 


Clay 9 was noted to be a slow filtering clay. 


Clay 3 possesses slightly greater bleaching power 


The F.F.A. 


of oils bleached by Clays 3a and 3 are higher than the maximum allowable 
in commercial practice, but this factor can probably be greatly reduced by 


pretreatment of the clay. 
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Peanut Oil 
Two unbleached peanut oils were used in these tests. Peanut Oil 1 had 
been alkali refined and Peanut Oil 2 was a type oil which had not been alkali 























refined. 
TABLE XVIII 
Bleaching temp., 120° C. 
Color, Color, F.F.A., 
Clay Clay, Oil No. 1 Oil No. 2 % 
No. . . + ste : aiccoapran sel emit cease | 
Yellow Red Yellow Red Oil No. 1 | Oil No. 2 
23 (Std.) 6 8.2 a 16.0 2.0 0.04 0.76 
2 6 8.2 ot 8.4 LS 0.14 0.86 
3a 2 7.6 ip 10.0 1.4 0.12 0.91 
9 6 8.3 ie 10.0 1.4 0.04 0.81 
4 6 23.0 1.8 29.0 3.0 
12 6 12.0 1.3 16.0 24 
6 6 15.0 L.5 
11 6 14.0 1.4 
5 6 20.0 ae 
14 6 15.0 2.0 





Clay 3 has about the same bleaching power as the standard on the alkali 
refined oil, and Clay 3a has a greater bleaching power than the standard 
when used at only one-third the concentration of the latter. The F.F.A. of 
the resultant oils are again higher than the maximum allowable. Clay 9 
again shows good bleaching power but slow filtration. The F.F.A. with Clay 
9 is low; the same was true with Cottonseed Oil 1. 

A third series on peanut oil was carried out in an investigation of the merits 
of the Saskatchewan bentonitic clays referred to above. The clays were used 
in the unactivated state and fuller’s earth (Clay 23) was used as standard; 
6% clay was used in all cases. 

TABLE XVIII (a) Several clays of this group 
BLEACHING OF PEANUT OIL BY SASKATCHEWAN cLays Show a bleaching power ap- 





Alkali refined; bleaching temp., 126°C. proximately equal to the 
Sn ~~) standard, together with the 
Ceo: Me Color F.F.A., important fact that the 
ay 4 . ens: é 07 . . . . 
Yellow | Red ¢ bleached oils are low in F.F.A,. 
aa - = Since Clays 15, 16, 17, 18, 25, 
23 (Standard)| 8.4 0.9 0.03 and 26 occur naturally in 
15 8.5 0.9 0.04 ee i aa 
16 90 08 0°05 these groups, mixtures were 
17 $35 1.0 0.05 also tested in the proportions 
18 10.7 1.0 0.06 : hss ioe cca : 
35 14.0 3 ae in which the y are found in 
26 13.0 1.3 0.07 the two deposits. 
19 11.0 1.0 0.06 : 
20 9.1 0.9 0.06 Coconut Oil 
a. 7.1 0.9 0.06 Clay 3 in the crude state 
15-+16+17 (Mixed) 8.7 0.9 CPE = 
18+25+26 (Mixed) 12.6 1 4 per a Dieaching power 
several times that of thestand- 
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TABLE XIX 


ard. Clay 3a yields a much 3 
BLEACHING OF COCONUT OIL 


better bleach than does Clay 
2a, an industrially important 














activated clay, and shows an 

unusually high decolorizing Clay No Clay, ___ Color — _| RFA, 

power on this oil. v— Ze Villon) - Saal %0 

Palm Oil —— ee ee —— 
Clays 3 and 3a are again 23 (Standard) 6 11.0 2.0 | 4.60 

shown to possess outstanding ; : a os a 

bleaching power on this high- 3a 5.4 0.9 5.09 

ly colored oil. =z 6 he 3 — 
Soybean Oil. The standard : = ie 

Clay 3, even at a concentra- : a = 

tion as high as 10%, produced © - 

an oil whichswas too highly TABLE XX 

colored for measurement. Six BLEACHING OF PALM OIL 


Not alkali refined; bleaching temp., 120° C. 


percent of Clay 3a produced 
an oil that was slightly over 
30 yellow and 3.3 red. 


Clay, | Color FF.A,, 


: Clay No. | or ——___—. 4 
Speed of Filtration. Thisis “ | Yellow | Red ‘ 
an important characteristic of a ae = 
a clay from the point of view 23 (Standard) 6 70 17 5.09 
oe ia a 3 6 50 12 5.69 
of industrial practice. € Re 6 4 44 569 
apparatus used to determine * 6 62 15 5.64 
og aM cepa. eee en ea A 6 75 18 
this efficiency was a single 6 | 6 70 17 


plate vertical press setinan , oe = =. 
electrically controlled thermo- 

stat. Pressure was applied through a reduction valve from a cylinder of 
nitrogen. A monel metal filter cloth was first tried but was discarded in 
favor of a standard cloth. Cottonseed oil (300 cc.) was thoroughly mixed 
with 6°% of clay and a clay bed built up under 12 lb. pressure. Then the 
filtrate was recirculated through the clay bed at 24 lb. pressure and readings 
of the speed of filtration were made. Under these conditions, the speed of 
filtration of Clay 3 was 0.56 cc. per sec. as compared with 0.45 cc. per sec. 
for the standard fuller’s earth (Clay 23). 

Oil retention. The loss due to retention of the oil by the bleaching medium 
is an appreciable factor in commercial practice. The clay beds obtained in 
the previous section were extracted for several hours in a Sohxlet with ether 
and acetone. The oil retention of Clay 3 was found to be 35.8%, based on 
the weight of dry clay, as compared with a value of 56.6% found for the 





standard Clay 23. 
Linseed Oil 
After expression and removal from the meal residue, crude linseed oil is 
generally filtered and alkali refined. The refined oil is then treated with a 
decolorizing clay to yield the finished unbodied oil. A clay of the fuller’s 
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earth type is commonly used in contact with the raw oil at an elevated tem- 
perature until a color of predetermined value is reached. The color is 
measured in the Lovibond tintometer. At the time of these measurements, 
no color glasses between 30 and 50 in the yellow were available, and therefore 
results are expressed in Table X XI as measured in a 1 cm. glass cell. Most 
of the yellow values are over 30, when measured with the 5} in. cell. 

The amount of clay shown in Table XXI was heated with the oil in a 
thermostat to 82° C. for the time indicated. Vigorous stirring at a standard 
rate was used. The oil was filtered on a Biichner, and the color and other 
analytical determinations were made. The standard clay used (Clay 27) 
is an industrially important one for this purpose. The oil was a sample of 
alkali refined unbleached oil. The free fatty acid is expressed as oleic. 


TABLE XXI 
BLEACHING OF LINSEED OIL 








. | Time of at Color (1 cm. cell -—r 
Clay No. : lay, treatment, |———— F A. 
: | min. | Yellow | Red \ 
| | 
27 (Standard) 3 30 26.5 L.5 0.51 
27 3 60 25.0 2:0 
27 3 120 +30 0.9 
27 2 30 i3 1.0 
27 5 60 9.1 1.0 
27 6 60 4.9 0.6 
27 10 60 2S 0.3 
2a 6 60 2.6 0.5 
2a 10 60 P32 0.3 
3 6 60 4.0 0.9 0.58 
3 10 60 3.0 0.3 
3a 2.3 30 2.8 0.8 0.61 
4 253 30 +30 24 
4a 253 30 20.9 0.9 0.61 
5 23 30 +30 1.9 
6 2.3 30 +30 2.0 
7 2.3 30 +30 2.0 
8 2.3 30 +30 1.8 
9 23 30 23.9 2.9 
11 223 30 +30 2.0 
12 2d 30 +30 3.0 
13 233 30 +30 2A 
14 2.3 30 +30 Poh 
28 2.3 30 +30 1.9 
Unbleached 0.60 


Among the unactivated earths, Clays 3 and 9 show somewhat greater bleach- 
ing powers than does the standard fuller’s earth. With linseed oil, Clay 3a 
shows an extraordinary decolorizing efficiency, with consequent decrease in 
oil-absorption losses in the filter cake. Furthermore, with this activated 
clay an almost colorless oil is produced at a low level of clay concentration, 
and such oils are important industrially for special applications. The acidities 
of the finished oils are almost identical in those measured. 
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It was further noted that upon bodying some of these bleached oils at 
600° F., the best color was obtained with the oil that had been bleached by 
Clay 3a; this shows that there is no reversion in color. The ash contents of 
these oils showed practically no difference from the ash content of the oil 
bleached by the standard clay. 


Pilchard Oil 


A sample of partly destearinated pilchard oil, with F.F.A. content of 0.53% 
expressed as oleic, was alkali refined with a slight excess of 19 Bé. sodium 
hydroxide. The foots were allowed to settle and the oil was clarified by 
centrifuging. The procedure used in bleaching was the same as that described 
for the soap and packing house oils. The bleaching temperature was 120° C. 
and the bleaching time five minutes. Owing to the unavailability of higher 
value yellow slides, color measurements were made in a 1 cm. glass cell in 
the Lovibond tintometer. 

TABLE XXII 
BLEACHING OF PILCHARD OIL 

















| 
; | Color iH} Color 
Clay No. ' lay — | Clay No. ' lay, — 

10 Yellow | Red i Q Ye ellow | Red 

| 

| | 
2a 2 2.2 | 0.0 | 6 6 5.3 0.3 
2a 6 1.4 0.0 |i 7 6 4.( 0.1 
3 3 2.6 0.0 9 6 aA 0.0 
3 6 1.3 0.0 9a 6 io | 0.0 
3a > {| Fa 0.0 || 11 6 3.3 0.1 
3a 6 0.4 0.0 iH 14 6 2:5 0.0 
4 6 | eS | 0.5 29 6 5.0 | 0.1 





Among the unactivated earths, Clay 3 shows the greatest bleaching power, 
with Clay 9 second. Clay 3a shows an unusually high efficiency, much 
greater than that of Clay 2a, a standard industrial activated clay. Clay 9a 
effects a good bleach, and it is important to note that the location of this clay 
is closest to that of the pilchard oil refining industry in Canada. 


Reclamation of Used Oils 

The efficiency of a number of these bentonitic clays in the treatment of 
used crank-case oils was investigated, and some analytical determinations 
were made on the recovered lubricants. The amount of clay necessary varies: 
(1) with the viscosity of the oil, heavier oils requiring larger amounts of clay; 
(2) with the cleanliness of oil, since the presence of coagulated grease and other 
foreign material increases the amount of clay that must be used; (3) with the 
color desired in the recovered oil; (4) with the adsorbent quality of the clay. 
The used oil is generally allowed to settle first and is drawn from the top of 
the container. The amount of activated clay employed ranges normally 
from 5to12%. The temperature maintained for clay treatment is generally in 
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the region of the flash point of the oil. In conjunction with the clay treatment, 
crank-case dilution is commonly removed by steaming before the treated oil 
is filtered from the adsorbent. Industrially, activated clays are employed 
almost exclusively for this purpose, chiefly owing to the fact that no un- 
activated clay that can produce the desired effects in sufficiently low concen- 
tration has been available. 

In the present work, some of the tests were 
carried out on a small scale, using 200 cc. of oil 
and heating to 200° C. in a thermostat. No 
steam distillation of the diluents was carried 
out, and on these oils, color was the only ana- 
lytical determination made. Other tests were 
carried out in a larger apparatus, shown in 
Fig. 9, of one-half gallon capacity, with attached 
steam generator and accessories, immersion 
electrical heating, and attached filter press. 
Analytical determinations were carried out on 
some of these recovered oils, and also on the 
corresponding unused oil. Table XXIII shows 
some of the results obtained. The used oils 
were obtained in the case of Oil 1 from an auto- 
mobile crank-case and in the case of Oils 2 and 
3 from an aeroplane crank-case after some 500 
miles of use. Similar results were obtained in 
several other cases, on oils recovered after 1000 
to 2000 miles of use. 

It is noted in Table XXIII and in other data 
that the analytical results obtained for the re- 
covered oils are very good. Low viscosity- 
oxidation ratios, showing good resistance to 
oxidation, are obtained after proper treatment 
with a good adsorbent clay. Some variations 
are obtained in the viscosities, and in flash and 
fire points owing to unavoidable experimental 

FiG.9. Apparatus employed for differences in the steam distillation of diluents. 
the refining of used lubricating oils 5 : 
(half-gallon capacity ). It should be emphasized that the quality of a 

reclaimed oil, at least in so far as is shown by 
laboratory analysis, depends on the procedure and reagents used in the 
reclaiming process. Mere washing, filtering, or centrifuging, or the use of poor 
adsorbents will not yield analytical characteristics that indicate an oil of good 





quality. 

The colors of the recovered oils, as in the case of the lubricating oil dis- 
tillates, varied widely, depending on the clay used. The clays found most 
efficient for the new distillates, e.g., Clay 3a, were found also to be the most 
efficient in the refining of the used oils. The poorer clays however did not 
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TABLE XXIII 
ANALYSES OF RECLAIMED CRANK-CASE OILS 






































aa Flash Fire Pour Mincpeike Viscosity- Coke Total acidity 
Oil 60°/60° F pt., pt., pt. “4. | oxidation No. |Mg. KOH per 
/ 6) : pai aks ae index | ; a . 

F. F. - | ratio diff. 100 gm. oil 
1 Original 0.892 445 515 —- § 119 1.52 0.72 7.0 
Reclaimed 0.897 445 536 — 6 90 1.42 0.69 7.4 
Reclaimed 0.897 435 526 -— 8 105 1.49 0.66 6.2 
2 Original 0.893 565 630 | +18 108 1.50 0.95 4.2 
Reclaimed 0.891 541 587 +15 103 1.49 0.77 $3 
3 Original 0.890 540 600 +14 106 1.29 0.83 6.0 
Reclaimed 0.903 550 580 +18 100 1.31 0.74 3.8 
Reclaimed | 0.894 520 605 +16 92 4.23 0.87 4.0 
Relcaimed 0.894 525 615 +18 97 1.32 0.82 4.1 
Reclaimed 0.893 510 600 +12 98 1.49 0.92 55 
Reclaimed 0.894 525 615 +12 100 £.25 0.66 3.8 
Reclaimed 0.893 535 590 +10 95 1.16 1.02 3.9 
Reclaimed 0.898 520 605 +14 96 1.40 | 1.05 1.9 
Reclaimed 0.898 525 | 605 +10 101 1.43 1.06 3.1 
Reclaimed 0.898 520 | 575 +16 | 100 1.41 0.85 6.4 

| 





Viscosity-oxidation ratio and coke number difference determined according to specification 
No. D. T. D. 109 of the British Air Ministry; all other tests according to A.S.T.M. methods. 


show the same order of merit in the two types of oils, and it must be con- 
cluded that the refining results obtained with used crank-case oils as a medium 
cannot be presumed to hold also for new lubricating distillates. In several 
instances, Clays 3a and 2a produced recovered oils of color better than that 
of the corresponding original oil. Among the unactivated clays, Clay 3 
was by far the most efficient, with Clay 1 second. 

Some clays were tested also in the recovery of a used insulating oil taken 
from a transformer after some years of use. The clays were used in a con- 
centration of 5%, and the treating temperature was 140° C. 

Practically no differences were found in the viscosities, flash points, and 
acidities of the recovered oil. The tendency to sludge formation was deter- 
mined in two ways: 

1. Samples of the oils were heated in an air oven with little draft to 120° C. 

2. Samples were heated to 120° C. in open beakers immersed in a thermostat. 
The demulsification number was determined according to the A.S.T.M. 
method. 

In Sludge Test 1, all had formed sludge at the end of the seven day period. 
In Sludge Test 2, only Clay 9a produced a recovered oil that passed the test. 

Dry-cleaning solvents are recovered either by distillation, the process 
commonly used for trichlorethylene, or by filtration through a decolorizing 
carbon together with a filter aid. A series of tests in which bentonitic 
clays were used showed the following general results. Used trichlorethylene, 
containing no soap and containing sufficient grease to be opaque in thin layers 








34 CANADIAN JOURNAL OF RESEARCH. VOL. 16, SEC. B. 


TABLE XXIV 
ANALYSES OF RECLAIMED INSULATING OILS 








Sludge tests 

















CaN Demuls. No., 1 2 

’ sec. ; Dees i ob 

7 days 7 days 10 days 15 days 
24 ae Medium Heavy Heavy 
32 30 Trace Medium Heavy 
9 30 Medium Medium Heavy Heavy 
9a 34 Trace Nil Trace Medium 
2a 31 Medium Trace Medium Heavy 
30a 30 Heavy 
31a 32 Light 





and dark brown in color, was shaken at room temperature with 1% of several 
unactivated and activated clays. After filtering, the solvent was perfectly 
clear and water white. A sample of used dry-cleaners’ naphtha containing 
soap was also treated with clays, and the method was compared with the 
recovery process used at present by determining total solids after clay treat- 
ment and filtering. It was found that the use of 3.5% of Clay 3a yielded a 
recovered naphtha of the same solid content as that obtained by the indus- 
trially used process, with the added advantage of a much superior color. 
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ACTION OF PHENYLMAGNESIUM BROMIDE ON 
ANTHRAQUINONES! 


By C. F. H. ALLEN? AND R. W. McGrBssBon? 


Abstract 


This preliminary report of the action of phenylmagnesium bromide on 
anthraquinone contains the description of a procedure for avoiding the recovery 
of large amounts of unchanged quinone, with consequent increasing of the yield. 
Buty! ether is preferable to toluene for ‘“‘forced’’ Grignard reactions. 


Anthraquinones react with Grignard reagents to give a variety of products, 
usually in low yields, with much quinone being recovered. In no case, 
however, has any product formed by 1,4-addition been described. The yields 
of diol reported were usually low, and it seemed possible that this might be 
accounted for in part by the production of substituted anthraquinones. 
It was first thought advisable to standardize the procedure used, in view of 
the discrepancies recorded in the literature for yields of diol (2). Since the 
work has been interrupted by the illness of the junior author and cannot be 
resumed for some time, it seems advisable to make a record of the work at 
this point. 

Every previous worker has mentioned the presence of a large amount of 
anthraquinone in the reaction product. While a small part of this may be 
explained by a reduction by the Grignard reagent (2), the use of a large excess 
of the latter avoids this complication.* Kovache (6) pointed out that, 
owing to its insolubility in ether, the use of finely divided quinone, with 
vigorous stirring, was essential; in agreement with Kovache, it is our opinion 
that low yields are almost entirely due to this slight solubility, coupled with 
the precipitation, on the surface of the large particles, of the magnesium 
complex formed. 

By changing the solvent to butyl ether, in which the quinone is much more 
soluble, and by a preliminary recrystallization from this solvent or chlor- 
benzene with rapid cooling to ensure formation of small crystals, the yield of 
diol was easily raised to 80°; only traces of anthraquinone were found in 
the product. With $-methylanthraquinone, which is much more soluble, 
no unchanged starting material was recovered. The yield was 86% in butyl 
ether and 66% in ethyl] ether. 

The procedure involved the formation of phenylmagnesium bromide in 
diethyl ether in the usual way, addition first of the solid quinone, then the 
butyl ether and distillation of the ethyl ether. These are conditions for a 


1 Manuscript received November 30, 1937. 
Contribution from the Chemical Laboratory of McGill University, Montreal, Canada. 


2 Formerly associate professor of organic chemistry, McGill University; present address, 
Eastman Kodak Company, Rochester, New York. 
3 Graduate student, McGill University. 
* Care must be taken, of course, that the stirring is not so vigorous that the suspended quinone is 
removed from the sphere of action by being thrown upon the upper walls of the flask. 
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“forced’’ Grignard reaction. Since it was possible that the type of product 
might have been related to these differences (1, 3, 4, 5), the residual gum was 
investigated, but no solids could be isolated, nor was there any evidence of a 
product that might have resulted from a 1,4-addition of the phenylmagnesium 
bromide. It may be pointed out that butyl ether is more suitable for forced 
reactions than toluene, in which the organo-metallic complexes are usually 
very sparingly soluble. 
Experimental 

All the reactions were carried out in the usual apparatus and in an inert 
atmosphere. To three equivalents of phenylmagnesium bromide (from 
27.4 gm. of bromobenzene, 3.8 gm. of magnesium and 60 cc. of ethyl ether) 
was added 5 gm. of anthraquinone and 80 cc. of butyl ether, and the whole 
heated in an oil bath at 100° to 105° C., the ethyl ether being allowed to distil 
off. Most of the quinone appeared to have reacted after one and one-half 
hours; if there were any large particles they were visible on the bottom of the 
flask when stirring was discontinued, and were unaffected by a further two and 
one-half hours of refluxing. The clear solution was decanted and decomposed 
with 100 cc. of 3.6% hydrochloric acid, and steam distilled until all the solvent 
and diphenyl had been removed (1500 cc. of distillate), and the granular residue 
(10.8 gm.) was filtered and air dried. The large particles mentioned above 
did not dissolve in fresh butyl ether, until pulverized to expose fresh surface; 
they proved to be unchanged quinone. The quantity varied in different 
runs, but was never more than 0.1 gm., and sometimes there was none. 

The crude product was boiled with methanol, filtered from insoluble in- 
organic material, and the solvent distilled; 6.9 gm. (80%) of diol was obtained 
by collecting successive crops of crystals. The use of acetone for recrystal- 
lization followed by benzene took less time; acetone alone forms a solvated 
diol containing two parts of acetone to one of diol. There was always some 
oily material left, which with concentrated sulphuric acid did not show the 
halochromism characteristic either of the diol or of the oxanthrone. 
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